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Timken re ne, axleboxes and cannon boxes have and they effect a substantial economy in the cost of lubricants 


many economic advantages. They result in greater availability of and maintenance. They reduce starting and running resistance, 
rolling stock, they eliminate hot-boxes and wear on journals, permit longer trains and give smoother starting and riding. 
(Above) Ten of the British Railways Class 6 standard locomotives are in service. have Timken cannon boxes on the bogie, driving and coupled axles, and Timken 


They 
axlebaxes on the trailing truck and tender. Timken equipment is also on the B.R. Class 7 and Class 5 locomotives. (Below) One of a number of locomotives for East African 
Railways equipped with Timken cannon boxes on the driving and coupled axles, and Timken axleboxes on all carrying axles 
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BK-Zifty 


speeds work and cuts cost 


Bierrum and Partners Limited reports a big cut in costs, thanks to the high speed!j 

and economy of this versatile *seven-in-one excavator. The advanced design} 

of the “ BK-Fifty ”, which is manufactured from specially selected steels under rigid} 
supervision and inspection, ensures unmatched performance under widely varying conditions, } 
and trouble-free operation over a long period of time. Write for Catalogue 104/1./ 


*FACE SHOVEL * DRAG SHOVEL : SKIMMER <- DRAG LINER 


PILE DRIVER * GRABBING CRANE ~°- LIFTING CRANE} 
) 


B LAW KN OX LTD e 90-94 BROMPTON ROAD, LONDON S.W.3. | 
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VISCO-BET 


the manufacture of cement, fertilizers, soap powder, 
r, dried milk, and other powder materials, an 


ppreciable quantity of the product is often lost at 


nin 


ding mills, conveyors, and packing machines. 


berated as air-borne dust it makes working conditions 


ar 


jleasant and settles on floors, walls and machines. 


hundreds of factories, this dust problem has been 
ed by the installation. of “‘ Visco-Beth ” Automatic 
t Collectors. In Australia, Ceylon, India, Iraq, 
aya, Mexico, South Africa, as well as in Britain, 


Visco-Beth” Automatic Dust Collectors are keeping 


fories free from dust and ensuring maximum output 


by preventing waste of saleable material. They can do 


same for you. 


Our brochure “ Modern Dust Collection” 
deals fully with the subject. Ask for copy. 


VISCO ENGINEERINGCO LTD. STAFFORD RD. CROYDON 


| Telephone : CENtral 6565 
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THE UNIVERSITY OF SHEFFIELD 





LECTURER IN MECHANICAL 
ENGINEERING 


lications are invited for 
LECTURER IN MECHANICAL E ENGINEERING. 
Facilities will be provided for research. The salary 
scale for Lecturers is £550 by £50 to €1100, together 
with F.S.S.U. vision and family allowance, 
ini salary ding on qualifications 


experience, 
Applications ou oe, including the names 
and addresses of three referees and, if desired, 
copies of testimonials, should reach the ss 


PUBLIC APPOINTMENTS 





RHODESIA RAILWAYS 





VACANCY FOR ASSISTANT SIGNAL AND 
TELEGRAPH ENGINEER 





exists for an ASSISTANT SIGNAL 


and TEL RAPH tee anger for service in the 

or of the Rhodesia Rail- 
ways. Si men Eitcacs ake cam of tk aad ar ane 
preferred, but married men not over 30 years of age 
may apply. 


It is desirable that applicants should have served 
with the British Railways in the Signal and Telegraph 
Communications Department and are Associate 
Members of the Institute of ny Signal Engineers. 
It is tial that applicants have experience in the 





ap hy 1983, —— 
y > \e 
A. W. CHAPMAN, 
Registrar. 


E9717 





WOOLWICH POLYTECHNIC, 
LONDON, S.E.18. 





Principal: J. S. TAIT, Ph.D., B.Sc., A.R.T.C., 


M.LE.E., A.M.LMech.E. 


LECTURER 





lications invited for a LECTURER in_ the 
vil and Mechanical Department from 


mnours , to teach 
theory and ons possibly ‘surveying. 
in actual an ad 
scale, 2040. 
allowance. 
application form from Clerk to 


vantage. 
£1040, plus London 
Particulars and 
Governors, to be aaaaen by Sth September, 1953. 





SURREY EDUCATION COMMITTEE 
REDHILL TECHNICAL COLLEGE, 
REDSTONE HILL, REDHILL 





FULL-TIME ASSISTANT 


. 


Required, September, FULL-TIME ASSISTANT 
to teach ae subjects. Candidates should be 
Graduates and have special qualifica- 
tions in aber ——-- 

Salary, Burnham Scale for Assistants, Grade A 
qe £375 by £18 to £630, plus special addition of 

Increments on the scale may be given for 
aa industrial and t experience. 
won of application obtainable on receipt of a 
pe from the Principal, 
—— should be returned within two a 
of the appearance of this advertisement. 











BRITISH ELECTRICITY 
AUTHORITY 
(LONDON DIVISION) 





CIVIL ENGINEER TO THE GENERATION 
CONSTRUCTION DEPARTMENT 





Candidates should preferably Corporate 
Members of the Institution of Civil Enginess 
should have a comprehensive experience of the design 
and execution of all civil engineering works associated 
with power stations, ——e — and 
yd in all usual ma unnels, jetties 

bridges. Candidates will al also be required to 

have an extensive knowledge of contract documents 

and procedure, and adequate experience in — 
with all matters arising in civil engineering 

The salary for the appointment will be mt ee 

fixed at £1500 

Present position and 


experience, to offat, Director of Establishments, 
British Electricity Authority, Winsley Street, ——- 
W.1, by Sth September, 1953. Quote reference 
AE/406. E9869 





OUR LADY OF LOURDES 
HOSPITAL 





DROGEDA, EIRE 





RESIDENT ENGINEER 





Applications are invited from experienced ani 
ENGINE! engineers for the post of RESIDENT 
EN weg a the above Ry ® = a 
1 be for any 


operation or maintenance of the ee Fim 
electrical engi: services, which include new 
steam boiler plant, kitchen, laundry and es 
equipment now being installed. Applicants 

detail their experience and qualifications and state 
salary required. The successful applicant will be 
required to take up his duties in September, and a 
house will shortly be erected for his occupation 
within the — grounds. Applications in the 
first instance.—BOX No. E9935, “ The Engineer.” 








RUNWELL MENTAL HOSPITAL 
NEAR WICKFORD, ESSEX 





ASSISTANT ENGINEER 





——— ENGINEER required. Salary £500 
to £600. N.H. Service conditions, pensionable, 
resident pos 
Must sar had practical trai in mechanical engi- 
we rrr ap ae ae logy of engi ineer- 
i. <=" Ordinary National Certificate 
in 


(including heat and heat 
engines) or tm 


Applications, giving qualifications, experience 
two referees, to oe Secretary by 31st Angas 1983. 


installation and maintenance of electrical and 
mechanical signalling and telecommunication equip- 
ment. 


The grades of Junior and Assistant Engineer have 
salary scales between the limits of £560 and £1460 per 
annum with incremental notches of £40 per annum, 
and the commencing salary would be determined in 
accordance with age and experience. 

ey 4 is for appointment to the + od 
staff in the first instance, but transfer to eg 
manent staff may be made to fill a vacancy 
the Chief 
by a variable cost-of- 


living allowance which at present is 20 per cent. on 
basic rates. 

Full particulars may be obtained from the London 
Agent, Rhodesia Railways, 241, House, 
London Wall, London, E.C.2. E9916 





THE CIVIL SERVICE 
COMMISSIONERS 
PROFESSIONAL ENGINEERS IN 
VARIOUS GOVERNMENT 
DEPARTMENTS 





The Civil Service Commissioners invite applica- 
tions for about 80 a POSTS in a wide 
variety mechanical and electrical engineering 
duties. Applications will be accepted up to 30th 

tember, 1953. 

didates must be under 35 on Ist gene 1953, 
with extension for regular service in H.M. Forces and 
up to two years for permanent civil service, For the 
Post Office they must be at least 21, for the Ministry 
of Supply and Ministry of Civil Aviation at least 23, 
and for ~~ agen ae its at least 25 on Vee date. 
a can te must possess a University 
Degree in Engineering or be a Co rate Member of 
one of the professional ~~ 
rs, Electrical Engineers, or Civil Engineers, 
or have es Sa eae 
B of the Membership 
examinations, , Exceptionally candidates of 

fessional attainment, but without the s; 
fications, may be admitted. For some posts 
Fellowship of the Royal Aeronautical Society or an 

—— in Physics will be accepted. 

lusive ey, scale (men in tones £628 (at 
age 33) 10 £9 tarting salary according to age up 
£875 at He Candidates entering below age 25 
will Start at salaries varying from — = age 21 to 








pro- 
uali- 


£549 at 24. Prospects of promot Salaries 
of next hi des are £970-£1280 + ont £1331- 
£1536. Somewhat lower for women and in the 
Provinces. 


Further particulars and application forms from 
Civil Service Commission, Scientific Branch, Trindad 
House, Old Burlington Street, London, W. 1, quoting 
No. $85/53. "£9908 





LONDON ELECTRICITY BOARD 


CHIEF ENGINEER’S DEPARTMENT 





STRUCTURAL ASSISTANT, 
STRUCTURAL DRAUGHTSMAN 
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PUBLIC APPOINTMENTS 





SUDAN GOVERNMENT 





: SENIOR MECHANICAL & ELECTRICAL 
ENGINEER 





The Public Works Dope 
¥ MECHANICAL” tnd and 


Candidates he be _ Members of the 


Institution of Mechanical are or Institution 
of Electrical Engineers or hold a University Degree 


covering exemption from Parts A and B of the Insti- 
tutions’ Mem! ps Examinations. 

They should have had a sound general mechanical 
engineering training and have had extensive experi- 
ence in the planning, design and genera! administra- 
tion of pont town public utility undertakings con- 
sisting of diesel power stations with H.T. and L.T. 
networks, and water purification and distribution 
systems, 

Candidates should have had sufficient experience 
podhn + a and — ical ina, 00 = 
capable of taking charge of a unit responsi ‘or t 
administration Sings some fifteen electricity and water 
supply _ throughout the and be 
responsible for their future aD, “and general 


ae. 

Candi will be responsible for the administra- 
ase of a ‘Public Utility Service, to the Chief Mech- 
anical Engineer, Public Works ment, and will 
be ag to travel throughout Sudan. 

£E2000 per annum fixed rate. A variable 
cost-of-living ani - Sa in the Sudan 
and is view «hee quarter 


No income tax is at 
eg payable in the Sudan. home leave 





generous scale after initial tour of approxi- 

mately 18 Te mente. Free passage by air both ways 

for o! 1 and family. Government acco: tion, 

as available, vided at low rent. An ‘An outfit allow- 

pty is payable when contract is signed. 
Duty trans; provided. 

Further ee and erplication form will be 


sent on receipt of a postcard addressed to the 
Sudan Agent in sntdon, Sudan’ House, Cleveland 
Row, London, S.W.1, “es. M/E Engineer 1813 
and name and address in block letters. E9954 





KINGSTON GROUP HOSPITAL 
MANAGEMENT COMMITTEE 





KINGSTON HOSPITAL, WOLVERTON 
AVENUE, KINGSTON-ON-THAMES 





ENGI NEER-IN-CHARGE 





Angueatien are invited " the .ore cf 
ENGINEER-IN-CHARGE this la : Py 
hospital (526 beds). Salary 525 by to roe 
plus London weighting. Residential accommodation 
may be available. Candidates should 
National Certificate in Mechanical Engineering or 
uivalent —. and have sound knowledge 
and practice of the 
of boiler plant, combustion and engineering services 
generally.—Applications, giving particulars of age, 
ualifications and previous experience, together with 
names of two referees, should be sent by Sth 
September, 1953, to the Group Secretary, Kingston 
Group Hospital Management Committee, 35, 
Coombe Road, Kingston-on-Thames. E9859 


inciples efficient operation 





MINISTRY OF WORKS 
MECHANICAL ENGINEERING 
DRAUGHTSMEN 





MECHANICAL ENGINEERING DRAUGHTS- 
MEN wired by Ministry of Works in London, 
i. — aN Warrington) and 7 pumpin, cling on 


plant, steam ——- 
pirlines, pressure ts ahould 
ve British eationality. techn " ade ro O.N.C. 
or equiv have apprenticeship or suitable 





Applications are invited for the above positions in 
Os Contention mt in Central London.” Cee 's 
Depa aeons = ao < somaes eben 
should have ve experience in the design and d detailing of 
super- 


Nai Joint Board 
oS aicae ae tae 
per annum respectivel 
ance. Se ae ae 
i and EL Egy 
Application forms obtainable from ishments 
Officer, 46, New Broad Street, E.C.2, to be a 
by 28th ‘Avent, 1953. Please enc 
— envelope and quote eV /1eho/BE 
on smipelnen 


CITY OF BIRMINGHAM WATER 
DEPARTMENT 


ASSISTANT ENGINEER—NEW WORKS 
AND CONTRACTS 








Applications are invited for the above appoint- 
ment ; salary scale, A.P.T. I-IV (£465-: ) per 
annum. Post pensionable, medical examination. 

The successful candidate, who must possess a 
University Degree in Civil Engineering or have 
passed or obtained exemption from Parts J and II of 
the final examination of the Institution of Civil Engi- 
neers, will be required to assist with the design, 

&c., and administration of 
construction both by direct jabour and contract, of 
general civil engineering projects, including trunk 
mains extensions, waterworks treatment plant, and 
service reservoirs. Previous experience not necessary, 
but preference given to neat and tidy draughtsmen. 

on, on forms obtainable from the 
General Manager and 





Water ae 


3, 
Oth September, i953, 
ay 1953. 


, t.~ -- 





experience of at least three years, one in a 
lostel accommodation at Risley, 
pou bout ai Bedford, 


£396-£628, Risley and Bedford 
est, to according to age psec Pro- 
asia 
~_" ate ore. 1cby Mi Ministry of W Reci 
on, Sa Street, S.W. 





MINISTRY OF SUPPLY 


WOOLWICH 





ENGINEER required by Ministry of Supply at 
Woolwich to run small factory producing radio and 
similar equipt., plastics, woodwork. Qualifications : 


British of British parents ; recognised engineering 

apprenticeship and AMLCE, or Mech.E. or EE. 
or exempti quals.; experi ion 
light engineering, knowledge arg ae ; 


ing, sheet metal work for aes ; know! 

— advan na £9 One 280. 
lot established, but eeemel ties to compete for 

establishment may arise.—Application forms from 

Meh afin dues Lamon ST anoiag Re 
K), 26, King Street, ion, S.W.1, q 4 

C.416/53A. aes 





RESIDENT ENGINEER 





CYPRUS GOVERNMENT 





RESIDENT ENGINEER required by CYPRUS 
GOVERNMENT for Limassol Harbour Improve- 
= Scheme, for one tour of 18 months. 

, £1750 a year. Outfit allowance £30. Gratuity 
a ieomae 150 a year. Free 
must be M.I.C.E, od A.M.L: 
ee a 


‘rite 
4. Millbank, London, §.\ S.W.1. State age, 
ny in Block letters, full a ualifications and as 
ence, and quote M 2B/2781 /B.H. E9955 
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PUBLIC c APPOINTMENTS 


CHORLEY RURAL & RURAL District 
COUNCIL 
MAIN DRAINAGE A 
DISPOSAL works "Ae 






RESIDENT ENcin EER 





Applications are invited 
RESIDENT ENGINEER. 3." {2Poiatmen 
works which include the consi: ucti Oy oe 


on 
ter sewers in open cut and of Sin. to 


works of sewage dis; — topeier 
Applicants must have had con derable 

on works of this nature, includi ~ ‘reinforced ort : 

construction, and must be capaiiic of supery, in 

execution of the contracts under the directio, 
nsulting » Messrs. ¢ a of 


J, J. Lomax an and 






successful candidate wil! b: ; 


required to 
his own means of transport for 1 nnection Pro 
his duties and will be paid an al } wae Under 
Council’s scale. appointiient will be su, 


annuable if the successful applice; alread 
tributing to a local Sovecnanent sc: na yy 


salary may be paid as a subsisicnce allons”. 
applicable’ to successful can did 
stances. ae 


The appoiatment will be subjeci 
notice on either side. 
Applications, stating age, 


to one mon 
qua! ifications, Sa 


required, and names of two pr iceslonal Tefe 
should be sent to the un y _ 
1953. — a 
Cake the ~ a 
Council Offices, ‘ 
Gillibrand Street, 
17th August, 1953. £9945 





MINISTRY OF WORKS 


ENGINEERING DRAUGHTSMEN 





ENGINEERING DRAUGHTSMEN required 
LONDON, at RISLEY (Nr. Warrington) 
BEDFORD. Hostel accommodation at 
possibly housing at Bedford. 

Experience required in one of the followi 


7 

MECHANICAL : layout of factory installatio 
including process plant, steam boilers and ste, 
distribution, pumping, refrigeration and air ¢q 


ditioning. 

Development of mechanical plant for a vatiet 
research ae including rotating n 4 
pan hele ——. servo systems 


HEATING. “ANDIOR VENTILATING : 
design of types of heating and/or 
systems ee nae 1 be “rg engineering ins 
tions for all classes of bui 

: London, £396-£6 Risley and Bedfor 
£374- 97, , according to age 28 experience, 
licants have British nationality, 
standard of O.N.C. or equivalent, and ve 
ae or suitable practical experience of 
— three years, one in a drawing-office. Promo 
pension prospects. 

State age, nationality, details of training, expe 
ence, to W.G.10/C.E.2 (B), Ministry of Works, Ab 
House, John Islip Street, $.W.1. E99 



















entilatis 










CITY AND COUNTY OF THE Ci 
OF LINCOLN 
WATER DEPARTMENT 
ENGINEER 





APPOINTMENT OF ASSISTANT 


tions are invited for this aj “ d 
sa APT Va (£625 by £20 to £685). 
le and the successful applicant willl 
examination. 


ions A and B of ¢ oc 

lembership Examination of the Institution of 
wApplication y>| wo. be yg from 
Engineer and » ie Ra 
yal and should be saad - each the und 





signed not later tae the 11th Sepeeunbenr, 1953. 
J. HARPER SMITH, 
Town Clerk 
Town Clerk’s Office, 


Lincoln, 4 
15th August, 1953. E9924 








MINISTRY OF SUPPLY 





FAZAKERLEY, NR. LIVERPOOL 



























ENGINEER a by Ministry of Supply! 
for inspection of j 
sal small arms man 
” “Qualifications : British of British per 
recogni engineering apprenticeship andA. 
ech.E. or E.E. or exempting quals.; experiet 
of gauge and tool design, manufacture and insp ect 
essential ; ages gh of i Swe ry ion procedure des 
able. Salary within +“ ret cua b 
but opportunities to Sante ‘or establishment 
arise.—Application forms from M.L. and N! 
Ti and Scientific Register (K), 26, 
Street, London, S.W.1, os Ref. C4i9/53 
Closing date 4th September, 1 9905 
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Chairman of British Transport Commission 


IN a Statement issued last week from No. 10, 
Downing Street, it was announced that General 
sir Brian Robertson, Bart., had been appointed 
chairman of the British Transport Commission 
in succession to Lord Hurcomb, who completes 
his term of office on August 3lst. Lord 
Hurcomb, who, as announced last month by the 
Minister of Transport in the House of Commons, 
did not seek reappointment, became chairman in 
September, 1947, and, together with his colleagues 
on the Commission, has been concerned with the 
task of organising and developing nationalised 
transport through six difficult years. When the 
Commission took over, the transport facilities 
of the country had not recovered from the 
effects of extensive war damage or the arrears of 
maintenance, and its first major task was to 
reconstruct and recondition the docks and the 
equipment of the railways. The programme 
formulated by the Commission has made steady 
progress during the years, despite the handicap 
occasioned by the difficulties in obtaining supplies 
of materials, and the new Commission will take 
over the transport assets of the country in a 
greatly improved condition compared with that 
obtaining in 1947, General Robertson, who 
has been released from his appointment as 
Adjutant-General to the Forces by the Secretary 
of State for War, when he takes up his duties 
as chairman, will be chief of an organisa- 
tion employing a staff of about 900,000 and 
owning assets and good will approaching a 
value of £1500 million. However, the new 
Commission, in addition to carrying out the 
programme of development already planned, 
will face a period of readjustment, since it has 
to dispose of the road haulage undertaking and 
also to arrange to decentralise railway manage- 
ment. 


Nationalised Industries and the House of 
Commons 


In November of last year the House of 
Commons set up a Select Committee “‘ to con- 
sider the present methods by which the House of 
Commons is informed of the affairs of the 
Nationalised Industries and to report what 
changes, having regard to the provisions laid 
down by Parliament in the relevant statutes, may 
be desirable in those methods.” The Report of 
the Select Committee was published last week 
and it is commented upon on page 240 of this 
issue. Its recommendations are summarised 
herewith. (a) There should be appointed a 
committee of the House of Commons by Stand- 
ing Order, to examine the nationalised industries, 
with power to send for persons, papers and 
records, power to set up sub-committees, and to 
report from time to time ; (5) the committee 
should direct its attention to the published 
reports and accounts, and to obtaining further 
information as to the general policy and practice 
of the nationalised industries established by 
statute, whose controlling Boards are wholly 
nominated by Ministers of the Crown, and whose 
annual receipts are not wholly derived from 
moneys provided by Parliament or advanced 
from the Exchequer ; (c) the object of the com- 
mittee should be that of informing Parliament 
about the aims, activities and problems of the 
Corporations and not of controlling their work ; 
(d) the staff of the committee should include an 
Officer of the status of the Comptroller and 
Auditor General, who should be an officer of the 
House of Commons, with high administrative 
experience ; at least one professional accountant, 
and such other staff as required ; (e) the statutory 


auditors of the Corporations shall, in preparing 


AuGusT 21, 1953 


their annual reports, give such information in 
addition to that now provided by them as may 
be of use to the committee and of interest to 
Parliament. 


Abernant Colliery 


THe South-Western Division of the Nationa! 
Coal Board announced last week that work 
would begin at an early date on the new colliery 
which has been planned in a valley lying between 
the Amman and Swansea valleys. The area to 
be worked, which is to become the second 
modern horizon-mining development in the 
West Wales coalfield, is about 5 miles square 
and has workable reserves estimated at 134 
million tons. Production is planned to begin in 
1958, and the scheme, which is to cost £6,000,000, 
when in full operation in 1961, is expected to 
produce 750,000 tons of first-grade anthracite per 
annum. This amount is about one-third of the 
present production of the Neath area of the 
division ; the total production of South Wales 
anthracite is about 3,000,000 tons a year. 
Abernant, which is the name of the new colliery, 
will be some 10 miles north-east of Swansea and 
the shaft at 800 yards will be the deepest in the 
anthracite area. The planning of the colliery 
buildings and the provision of equipment will 
be based upon an output per man shift of 
approximately 30 cwt, and the staff, which will 
be drawn from old and exhausted collieries in 
the area, will be housed in a small town which is 
planned to be built at Rhydyfro. Many anthra- 
cite undertakings are uneconomic owing to the 
high proportion of the labour costs involved in 
the underground haulage, but in the new mine 
it is anticipated that the horizon roadways will 
enable locomotive haulage of adequate capacity 
to be employed. Six seams, ranging in thickness 
from 2ft 6in to S5ft, are to be worked and their 
gradient is slight. Another project announced 
at the same time by the South-Western Division 
is a horizon-mining scheme at Cynheidre, west 
of Llanelly, which is due to commence in the 
autumn. 


Agricultural Engineering Firms’ Amalgamation 
Tuis week, an announcement has been made 
by Mr. J. §. Duncan, president of Massey- 
Harris, Ltd., and Mr. Harry Ferguson, chairman 
of the Harry Ferguson Companies, that 
their two organisations have agreed to amalga- 
mate, and that they will operate under the name 
of Massey-Harris-Ferguson, Ltd. By this amal- 
gamation the manufacturing facilities of the two 
organisations will be pooled. These include five 
plants in the U.S.A., four in Canada, and 
factories in the United Kingdom, South Africa, 
France and Germany. The statement giving 
details of the amalgamation says that the two 
organisations are complementary rather than 
competitive and that their coming together can 
be expected to result in an expansion of their 
operations. Sir John Black, deputy chairman 
and managing director of the Standard Motor 
Company, has stated that it is planned to extend 
his company’s plant to deal with increased pro- 
duction for Massey-Harris-Ferguson, Ltd. Mr. 
J. S. Duncan is to be the president of Massey- 
Harris-Ferguson, Ltd., and will take responsi- 
bility for administration and policy making. 
Mr. Harry Ferguson is to be chairman of the 
board and will be responsible for the design and 
application of the Ferguson system to the new 
company’s products. The amalgamation is to 
be effected by the transfer to the Massey-Harris 
Company of all the shares of the operating 
Ferguson companies in exchange for the issue of 
1,805,055 Massey-Harris common shares. This 
transaction has received Treasury approval. 
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Aircraft for the Navy 


THE Minister of Supply and the First Lord of 
the Admiralty have recently examined the 
organisation of the two departments for the 
design, development and production of naval 
aircraft. They have decided to make some 
changes in the organisation of their two 
departments. The Air Warfare Division of the 
Naval Staff in the Admiralty, which is primarily 
responsible for the formulation of requirements 
for naval aircraft and air equipment, is being 
considerably increased in size ; and the liaison 
post of Chief Naval Representative in the Ministry 
of Supply has been abolished. At the same time 
an additional executive post of Deputy Con- 
troller of Supplies (Air) in the Ministry of Supply 
has been created. The occupant of this post will, 
under the Controller of Supplies (Air), have 
executive responsibility for research in relation 
to naval aircraft and for their design, develop- 
ment and production. He will, in addition, 
carry out any other duties outside the naval 
sphere which the Controller may delegate to him. 
Rear-Admiral C. John, C.B., who has until 
now been Chief Naval Representative, has been 
appointed to this new post. In order to provide 
more effective liaison between the two depart- 
ments in this field, the Minister of Supply 
and the First Lord of the Admiralty have 
agreed that the Controller of Supplies (Air) 
should attend meetings of the Board of 
Admiralty when aircraft supply matters are 
under consideration. This is intended to ensure 
that the Ministry of Supply has the same close 
contact with the Admiralty as it already possesses 
with the Air Council. 


Commonwealth Telecommunications Board 
Report 


Last week the Commonwealth Telecom- 
munications Board published its report for 1952, 
which suggests that, although the expansion of 
the world’s long-distance radio network will be 
restricted by a shortage of frequencies, there 
appears to be a new stage beginning on the cable 
side. Representatives of eight Commonwealth 
Governments are members of the board, which 
was set up to increase the efficiency and develop 
the telecommunications within the Common- 
wealth and Empire. Its report reviews the 
work undertaken to integrate the cable and 
radio networks. These, it is claimed, have been 
considerably improved and the Commonwealth 
system is believed to be in a better condition and 
more able to meet present demands than a year 
ago. Frequency difficulties are referred to in the 
United Kingdom section of the report and 
attention is drawn to the fact that international 
agreements have reduced by one-fifth the fre- 
quencies allocated to long-distance fixed services. 
This means that there is an increased possibility 
of interference between circuits and existing 
services must change their frequencies. The 
provision of additional channels in an already 
restricted spectrum calls for the full use of all 
technical advances and involves the restriction 
of the bandwidth of each transmission to a 
minimum, which in turn calls for improved 
frequency stability. With regard to cables, the 
report continues, demonstrations have shown 
the practicability of submerged repeaters for 
long-distance deep sea cables, and it is stated 
that the Commonwealth cable system is well able 
to take full advantage of this new development. 
Statistics given in the report show that the 
number of overseas: telegrams handled during 
the year totalled 22,500,000, some 4 per cent less 
than that in 1951, and that there were 187,210 
radio telephone calls, including 78,000 with 
Commonwealth countries, 
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A Short History of Spectroscopy 


By T. W. CHALMERS, D.Sc., M.I.Mech.E. 


No. III—THE THEORY OF THE PRISM 
( Continued from page 195, August 14th) 


N broad terms the science of spectroscopy 

covers the study of electro-magnetic radia- 
tions of wavelengths extending from those 
found in the ultra-violet region to those in 
the infra-red. Two general requirements are 
essential to its progress. In the first place 
it is necessary to have at command means 
of isolating, as precisely as possible, some 
particular portion of the electro-magnetic 
spectrum. Secondly, we must have means of 
measuring the wavelength—or the limits of 
the narrow band of wavelengths—covered 
by the selected portion. 

The chemist, it may be noted, is faced with 
analogous circumstances. In studying the 
chemical elements his first task is to isolate, 
in as pure a state as possible, the one in 
which he is interested from all the others 
with which it may be mixed. Only if the 
isolation is substantially complete can he 
proceed to measure the properties of the 
element with the assurance that the results 
obtained are the uncontaminated properties 
of the element. : 

In spectroscopy, as in chemistry, isolation 
and measurement are in general performed 
separately by different procedures. A refract- 
ing prism is a typical isolating device. It 
separates out the constituent rays of white 
light from one another but by itself it pro- 
vides no means of measuring the respective 
wavelengths of the different constituents. 
Outside certain limits in the ultra-violet 
and infra-red all known materials of which a 
refracting prism can be made become 
opaque and other means of performing the 
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Fig. 8—Refraction of Light at a Plane Surface 


desired isolation have to be found. And 
even within the region of transparency the 
ability of a prism to separate out the 
different constituents of a bundle of mixed 
rays is not accompanied by an ability to 
measure their wavelengths in absolute terms. 

In exact contrast with the prism we have 
the interferometer. This device measures 
the wavelengths of the radiation presented 
to it, but is incapable of selecting or isolating 
the wavelengths of any particular portion of 
the spectrum. 

Intermediately between the prism and the 
interferometer stands the diffraction grating 
—transmission or reflection—which both 
isolates the constituents of a group of 
mixed rays and measures their respective 
wavelengths. Gratings of both types are, 
however, subject to their own restrictions, 
which limit their use in a number of ways. 
In particular their isolating function is not 


wholly satisfactory. In some regions of the 
spectrum it is advantageous to combine a 
prism with a grating in such a way that the 
isolation is performed by the prism and the 
wavelength measurement by the associated 
grating. 

It is obvious that a prism in conjunction 
with an interferometer—or with a grating— 
can fulfil both the desired functions. Once 
it has been so calibrated a prism may have a 
scale associated with it in such a way as to 
enable the wavelengths within its compass 
to be read off directly. 

Before proceeding further it will be useful 
if we consider in some detail the nature and 
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Fig. 9—Refraction at Two Parallel Plane Surfaces 


action of the refracting prism, the diffraction 
grating and the interferometer. 

In order to understand the production of 
specira by prisms we accept as our starting 
points the two experimentally determined 
facts (a) that the velocity of light differs in 
different media and (b) that in any one 
medium the velocity varies with the wave- 
length of the light, that is to say, in the visible 
region, with its colour. 

In Fig. 8 let XY Y be the boundary between 
two different media A and B—for example, 
air and glass—in which the velocity of any 
monochromatic light is vy, and v, respectively. 
Let a parallel beam of the monochromatic 
light—of width w—-be incident on XY at an 
angle i measured in the counter-clockwise 
direction from the normal to XY. 

The beam may be regarded as composed 
of a large number of parallel elemental 
beams. If the beam is homogeneous all the 
elemental beams will be in the same phase at 
any cross section such as cd. 

At the instant at which the lowest ele- 
mental beam strikes the face X Y at the point c 
the topmost element will still have to travel 
the distance de before encountering X Y. This 
distance will be given by tan i and the time 
occupied in traversing it will be ‘=o tan i/v,. 
During this time the lowest element will have 
penetrated into medium B a distance z=vpt 
= tan i %/v.. With c as centre and z as 
radius describe the arc of a circle. Then the 
lower element will have reached some point 
on this arc at the instant when the upper 
element reaches the point e. Hence, since 
all the intermediate elements are subject to a 
similar argument, a line ef drawn from e 
tangential to the are of radius z will repre- 
sent the cross section of the beam after it has 
passed fully into medium B. 

The beam will proceed at an angle r rela- 
tively to the normal to XY. The value of this 
angle can be determined from the two equa- 
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tions ec sin r=z and ec cos i=o. Dividing 
and filling in the value of z we get 

sini v, 

sinr vy“ 


This is the law of refraction discovered 
experimentally in 1621 by the Dutch 
astronomer W. Snell and still know: by his 
name. Its implication is that in any two 
given media the sine of the angle of i:cidence 
is proportional to the sine of the angle of 
refraction whatever be the angle of incidence, 
The proportional constant yu is equa! to the 
ratio of the velocities of light in the two 
media. This ratio u is known as ti index 
of refraction of the medium B relatively to 
the medium A. If A is a vacuum » is the 
absolute index of refraction of B. Since the 
velocity of light in any medium is less than 
its velocity in a vacuum, the absolute index 
of refraction is always greater than unity, 
Further since the velocity of light in any 
medium varies with the wavelength—or 
colour—of the light, the index of refraction 
of a medium has to be accompanied by a 
statement of the colour of the light used in 
its determination. It is generally customary 
to tabulate refractive indices with respect to 
the yellow light of the sodium D line. 

The velocity of light in air is only slightly 
less than in a vacuum, but it varies with the 
temperature and pressure. It is customary to 
tabulate indices of refraction with respect to 
air, at 15 deg. Cent. and 760mm pressure, as 
the medium which we have designated 4. 

It is worthy of note that the width «’ of the 
refracted beam in Fig. 8 is not the same as 
that of the unrefracted beam o. As the 
diagram shows «@’ is greater than «, a result 
which can readily be proved mathematically, 
It may also be noted that the whole of the 
incident light does not of necessity pass into 
the medium B. Part of it will in general be 
reflected from the face X¥ Y back into medium 
A. 

We can readily extend the case shown in 
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Fig. 10—Refraction at Two Inclined Surfaces 


Fig. 8 to that shown in Fig. 9, in which the 
medium B is bounded by two parallel faces 
XY and UW with the medium A outside each. 
It is unnecessary to repeat the construction 
of Fig. 8. We can confine our argument to 
the topmost element of the beam, in other 
words, to a single ray of no material width. 
From Fig. 8 we know that the incident ray 
striking the face XY at an angle i will be re- 
fracted within the medium B at an angle r, 
the relationship between the angles being 
sini Va 
sinr Vp 
The angles are measured relatively to the 
normal to X Y and since. both can be generated 
by counter-clockwise rotation from _ the 
normal, both are to be regarded as positive. 
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The ray refracted at e will strike the face UW 


at g and since the two faces are parallel its 
angle of incidence on UW will ber. This angle 
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of incidence will be positive since it can be 
generated by counter-clockwise rotation from 
the normal to UW. Let us suppose that the 
ray after refraction at-g emerges at an angle y 
relatively to the normal to UW. 

To find the value of y all that we need do 
js in equation (1) to change i into r, r into y, 
y, into Vo, and vp Into Va. This gives us 

snr w% 1 

siny Wm u- 
From this we have sin y=y sin r. Hence 
from (1) sin y=sin i or y=i. The ray as a 
result of the two refractions at e and g there- 
fore emerges from the second face parallel 
with the direction of its incidence on the first 
ace. 
: If we apply the full construction of Fig. 8 
we can readily prove, as is obvious from 
simple geometry, that a beam of width o 
incident on the face X Y will widen to width 
»’ within medium B and then, on emerging 
from UW, return to its original width 
provided the external medium is the same on 
both faces. 

The final case leading directly to the theory 
of the prism is presented to us when the two 
faces bounding the medium B, instead of 
being parallel, intersect at some angle 6 as 
shown in Fig. 10. The essential difference 
between this case and Fig. 9 is that the 
refracted ray, instead of striking the face 
UW at g at an angle of incidence r, now strikes 
it at an angle 8, which, because of the 
inclination of UW to XY is less than r. The 
actual value of 8 is r—9®. Hence, to obtain 
the value of the angle y at which the ray 
emerges from the face UW at g we have now, 
in the formula (1), to change i into r—9, 
rinto y, Va into % and w into wy. We then 
get 

sin y=psin(r—6) . . . . (2) 


If we extend the line of the emergent ray 
backwards and the line of the incident ray 
forwards, the two lines will intersect at an 
angle 5, which will be the total deviation 
suffered by the ray in passing through 
medium B. The value of this angle is given 
by 

8=O+y-i . . . . . @ 


The three formule (1), (2) and (3) enable 
us to deduce the interesting fact—revealed 
directly by experiment—that as the angle of 


sin '4y (0-6) 
sin 9/2 








Fig. 11—Condition for Minimum Deviation in a 
Prism 


incidence i is made greater the deviation 8 
at first decreases, then passes through a 
minimum value and. finally increases. It 
is found that when the deviation is a minimum 
the conditions prevailing are as shown in 
Fig. 11—that is to say, the internal path, 
eg of the ray, is parallel with the base of 
the prism and the emergent ray is refracted 
downwards towards the base at the same 
angle i as the incident ray passes upwards 
into the face XY. This result is of much 
practical importance. With the aid of a 
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spectrometer it is readily possible to observe 
the setting at which the deviation is a 
minimum and to measure its minimum value. 
Then, if we know the angle 6 of the prism, a 
simple formula enables us to calculate the 
index of refraction, », of the material of 
which it is made for the particular mono- 
chromatic light being used.* © 

The formation of a spectrum by a prism 
will be understood from Fig. 10 if, for the 
incident beam of monochromatic light, we 
substitute a beam of polychromatic light. 

Rewriting equation (1) in the form sin r 
=sin i.¥/Ve, we see that for any given 
value of the angle i and any given medium A 
the value of sin r will vary directly with the 
velocity v, of the light in medium B. This 
velocity, as stated in the second of the 
postulates with which we started, varies 
with the wavelength, or colour, of the light 
employed. In any given medium the velocity 
of red light is greater than the velocity of 
violet light. Hence, with red light sin r and, 
therefore, the angle r will be greater than 
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Fig. 12—Behaviour of a Prism Towards 
Polychromatic Light 


sin r and r for violet light. It follows, there- 
fore, that with polychromatic light incident 
on the face XY at e, Fig. 10, the red com- 
ponent will strike the face UW at a point g 
nearer to the apex of the prism than the 
corresponding point at which the violet 
ray will strike UW. The components of 
intermediate colour will be dispersed inter- 
mediately. Farther dispersion of the com- 
ponents occurs as they emerge from the face 
UW. The final result is that the poly- 
chromatic light entering the prism at e 
emerges from UW with its components 
dispersed as a spectrum with the colours 
arranged in the order shown in Fig. 12. 

The extent to which a prism of any given 
material disperses the component colours 
of white light is a factor of importance in 
practical spectroscopy, a high dispersive 
power being in general a desirable feature. 
Since the linear distance covered by the 
spectrum naturally depends upon the 
distance at which the receiving screen is 
placed from the prism, dispersive power is 
conveniently expressed in terms of the 
angles involved. The dispersive power of a 
prism is defined with reference to the angle 
of deviation 8, Fig. 10. This angle is greatest 
for violet and least for red light. Hence, the 
difference in the value of 8 for violet and for 
red light is a measure of the dispersion. 
More exactly, the ratio of this difference to 
the mean value of 8 is defined as the dis- 
persive power of the material of the prism. 
In general, the mean value of 8 for violet 
and 8 for red is equal to the value of 8 for 
the yellow light of the sodium D line. 

The dispersive power as thus defined 
varies considerably from material to material. 
For example, a “crown” glass may have 





* Any mathematical study of the prism must take proper 
account of the signs of the angles involved. In Fig. 10 as drawn, 
i, r and @ are positive, but 6, Y and 6 are negative. Equations (1) 
(2) and (3) are, on this , consistent with one another with 
respect to the signs of the angles involved in them. 
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only one-third the dispersive power of a 
heavy “‘ flint ” glass. 
MATHEMATICAL NOTE 


Minimum Deviation in a Prism.—The three 
fundamental equations given in the text are :— 


sin i=p sinr eitincne quice tO 
sin y=psin(r—0) .... (2) 
SOT et ge ee ee 


From (3) for 6=const. we have : 

d8/di=dy/di—1. 

Hence, d8/di will be zero for dy/di=1. 

From (2) if dy/di=1, we get : 

cos y=u cos (r—6) dr/di. . . (4) 

From (1) cos i=yu cos r.dr/di, and therefore 

from (4) : 
cos _ cos r=cos (r— 9) cos i. 

Squaring, converting the cosines into sines, 
multiplying out and substituting the values of 
sin i and sin y from (1) and (2), we get, finally, 
sin (r—6)= + sinr. 

We take the negative sign because in Fig. 10 
r is positive and 6(—r—6) is negative. Hence 
r—60=—r or the deviation 8 will be a minimum 
for r=06/2. For this value of r (2) gives : 

sin y= —yp sin 6/2 
while (1) gives sin i=y sin 6/2. . Hence for 
minimum deviation the refracted ray, eg 
Fig. 10, is parallel with the base of the prism 
and the downward emergence angle y is equal 
to the upward incidence angle i. From (3), if 


y= —i, i=4}(@—8) and therefore from (1) for 
minimum deviation : 
_ sin 4(6—8) 
we sin@/2 * 


(To be continued ) 





Measurement of Air Flow 
By J. G. WITHERS, B.Sc., M.I.Mech.E. 


Sharp-edged orifices represent the simplest 
method of approach to engine air-flow measure- 
ment, but to obtain accuracy a surge damping 
vessel must be used. The article discusses 
how large this vessel needs to be. 


IN the measurement of air flow under 
pulsating-flow conditions using sharp-edged 
orifices, venturis, or nozzles, considerable 
error may be introduced on account of, 
first, the inability of a manometer to record 
the true mean of a fluctuating pressure, and, 
secondly, the relationship between flow and 
pressure drop not being linear. These 
difficulties are frequently met in the measure- 
ment of the air consumption of internal 
combustion engines where the degree of 
pulsation is great. Alternatives, such as 
viscous flowmeters, do not entirely eliminate 
the trouble, and introduce difficulties peculiar 
to themselves such as the extreme sensitivity 
of their calibration to oil and _ dust. 
Undoubtedly sharp-edged orifices represent 
the simplest method of approach to engine 
air-flow measurement, but to obtain accuracy 
a surge damping vessel must be placed 
between the engine and the orifice. It then 
remains to be decided how large this vessel 
needs to be. 

The problem has been well studied for a 
single-cylinder engine by Kastner*, but the 
data as presented are difficult to apply to a 
practical problem. Usually the facts that 
are known beforehand are: (a) the desired 
standard of accuracy ; (b) the manometer to 
be used and the lowest pressure difference 
that can be measured on it with a scale 
discrimination that gives the desired standard 
of accuracy ; (c) the absolute pressure of 
the air in the surge chamber as fed to the 
engine (supercharge pressure), and (d) the 
individual cylinder capacity. 

Kastner’s work shows that the error is 


* “ Air Consumption of Internal Combustion Engines,”’ L. J. 
Kastner, Proc. I. Mech.E., 157, 1947, W.E. issue No. 34. 
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related to the dimensionless parameter : 
VP/CI, 
where 
V=individual cylinder swept volume. 
C=surge chamber or air box volume. 
P=surge chamber absolute pressure. 


J=mean differential pressure across the 
orifice as read by the manometer. 


Further study of Kastner’s work shows 
that the whole of the data can be reasonably 
accurately represented by the following 
expression : 


percentage error=(VP/C/)*"*. 


The value of J to be inserted is, of course, 
the lowest that it is intended to use. If a 
1 per cent error is considered acceptable, then 


C/V=P/I. 


As an example, if J is 3in of water and P 
is atmospheric pressure (34 x 12in of 
water), then the surge chamber must have a 
capacity of not less than 136 individual 
cylinder volumes. 

Engine speed apparently has no direct 
effect on air box dimensional requirements 
over the speed range of 1500 to 3500 r.p.m. 
covered by Kastner. Clearly the damping 
of pressure waves which are responsible for 
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the error must increase with both speed and 
the friction in the pipework between the 
cylinders and the air box; in Kastner’s 
experiments the air box was close to the 
engine and such damping effects were 
probably small. It is likely, therefore, that 
the size of air box given by the above formula 
is on the safe side even for single-cylinder 
engines. Resonant conditions in the air- 
flow system will, of course, increase errors, 
and close coupling of the air box and engine 
is recommended. 

In multi-cylinder engines interference 
between the pressure waves will tend to 
reduce their amplitude and in consequence 
the size of the air box necessary. No reliable 
data are available for multi-cylinder engines, 
but reduced air box sizes according to the 
following ratios are suggested as being safe : 


2 cylinders ake ge at Oe 
REE, Fines < 60) de) ah6) pest ivan. 
IR aca: bak \ wah Sem. Seem ine i 
6 cylinders or Sa E 


The approach given in this note has the 
advantage that it is simple, and that it 
separates the design calculations relating 
to the size of the air box and the size of the 
orifice ; in any given experiment several 
different orifices may be required to cover the 
range of flow, but a single air box appropriate 
to the highest value of P/J will suffice. 


Nuclear Reactors for Electric Power 
Generation 


( By Our American Correspondent ) 
No. II—{ Concluded from page 198, Aug. 14th ) 


In its efforts to encourage private industrial participation in the power generation 
aspects of reactor technology, the U.S. Atomic Energy Commission is co-operating 
with a number of American power companies and other firms in determining the 
possibilities of joint production of electric energy and fissionable materials. The 
following notes are based on two design proposals made jointly by the Common- 
wealth Edison Company anv the Public Service Company of Northern Illinois, and 
are representative of current American progress towards power generation with 


the aid of nuclear reactors. 


THE Liguip-CoOLED REACTOR 

HE second, reactor design proposal 

which has been investigated is based on a 
pile enclosed in a spherical steel shell capable 
of withstanding a pressure of 800 lb per square 
inch absolute, and uses heavy water as the 
coolant, moderator and reflector. The prin- 
cipal component of the reactor, the fuel 
assembly, is composed of a number of 
separate fuel elements, each consisting of an 
assembly of uranium elements in a thin metal 
casing. These fuel assemblies are placed in 
cylindrical channels. Heat generated in the 
uranium is transferred through the thin metal 
cladding to the heavy water (D,O) which is 
travelling parallel to the uranium elements in 
a vertical direction. The heavy water, as 
already mentioned, is used both as moderator 
and coolant. The D,O returning from the 
steam generators is directed under a stainless 
steel tube sheet, into which the fuel channels 
are set. It then flows upward through the 
fuel channels and also between the fuel 
channels. The D,O between fuel channels, 
which acts as the moderator, travels rela- 
tively slowly and is discharged from the 
reactor through the control-rod assemblies. 
The reactor core is a cylinder contained in a 
spherical pressure shell. The fuel elements, 
hanging vertically in the channels, are charged 
and discharged from the top of the cylinder. 
The fuel element maximum surface tempera- 
ture is 465 deg. Fah. when the reactor D,O 
outlet temperature is 440 deg. Fah. There- 
fore the uranium cladding and the tubes, both 


situated in the reactor core, must withstand 
these temperatures. 

The reactor will be shut down about twelve 
hours before the discharging and charging 
operations are begun. Both operations will 
proceed together using a travelling gantry 
crane and a lead coffin. The spent fuel 
elements are carried by the coffin and crane 
to a water-filled trench, where they are dis- 
charged and then transported under water to 
the storage area. Fresh fuel elements are 
placed in the coffin, which is aligned again 
over the open fuel channels, and the new 
elements are lowered into position. The 
control-rod tube need not be removed during 
the charging and discharging operation. 
The coffin, which is a cylindrical shell of 
2ft 3in I.D., 4ft 3in O.D., and 18ft height, is 
made of lead and lined with }in steel plate. 
The top of the coffin contains a 12in thick 
radiation-resistant glass panel. The fuel 
element carrying tubes are 4in thick seamless 
carbon steel tubing. These tubes are sup- 
ported in the coffin by ball and socket joints 
set in a support plate near the top of the 
coffin. The weight of the coffin assembly is 
supported by the six coffin tubes on the 
reactor fuel tubes. 

The reactor shell is designed to contain the 
fuel elements, the control rods, the moderator, 
and the reflector. It has inlet and outlet 
openings for the coolant and is able to with- 
stand internal pressure. The heavy water 
coolant flow at maximum load has been 
determined to be 303-3 cubic feet per second. 
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With an arbitrarily selected flow velocity of 
25ft per second the inlet openings have a 
total effective cross section of 12:1 square 
feet. They are spaced evenly around the 
periphery of the shell to provide uniform flow 
into the fuel elements and around the fuel 
elements and the control rods. An even 
distribution of the coolant is obtained by 
using nine inlet openings evenly snaced 
around the periphery of the shell. The fuel 
element and control-rod tubes are utilised as 
coolant outlets. The consideration of the 
mechanical details and the internal pressure 
resulted in the selection of a spherical shel] 
2-14in thick and 20ft 4in in diameter. [t js 
fabricated of A.I.S.I. type 347 austcnitic 
stainless steel (a columbium-stabilised | 5-10 
stainless steel) to prevent the corrosion of the 
shell and the contamination of the heavy 
water. The inner cylinder and the con- 
nections to the sphere also will be made of 
this material. 

Provision has been made for a helium- 
blanketing system wherever there is an 
interface in the D,O circuit. These inter- 
faces exist in the reactor sphere outside the 
cylinder and above the D,O in the dump 
tanks and the make-up tank. The helium 
storage system consists of tanks containing a 
total of 2000 cubic feet actual volume. Half 
of this volume is maintained between 800 Ib 
and 1000 lb per square inch absoiute, and 
serves as a reserve supply for maintaining 
the reactor operating pressure. A quarter 
of the volume, to which is returned the 
circulating helium, is maintained at a pres- 
sure slightly above atmospheric. The 
remainder is maintained at 120 Ib per square 
inch absolute and serves as a dump reservoir 
in case the reactor exceeds the set relief 
pressure. The reactor pressure is auto- 
matically controlled by a regulating valve 
which supplies helium from the high pressure 
tanks. 

The radiation shielding for the reactor is 
made of 8ft thick reinforced concrete, 
using limestone aggregate. The inner and 
outer surfaces of the shield are lined with 
steel. The inner steel skin is lin thick ; the 
outer skin is jin thick. The reinforcing steel 
is placed to hold the inner and outer steel 
shield surfaces in position to act as moulds 
for the concrete. The reactor pressure vessel 
is supported inside the shield by stainless 
steel brackets attached to its central cir- 
cumference. These brackets rest on rollers 
which bear on steel plates set in the shield. 
The rollers are designed to move with the 
radial expansion of the reactor pressure 
vessel. The vertical fuel element changing 
tubes, the vertical control-rod tubes and the 
horizontal water-discharge pipes leading 
from these tubes to the headers form a 
large part of the top shield. The top surface 
of the upper shield forms the charging floor. 
The shielding in the remainder of the plant, 
around the steam generators, piping, pumps 
and miscellaneous storage tanks, consists of 
3ft thick concrete floors, walls and ceiling. 
The steam generators and pumps are arranged 
in individual cells and access to the cells is 
through trap doors. When repairs are 
necessary, the particular piece of equipment 
is isolated from the D,O system using motor 
operated shut-off valves. The D,O is 
drained to the activated D,O storage tanks ; 
the motor operated D,O drain valve is 
closed and light water is run through the 
equipment until activity is reduced to a 
safe level for the maintenance men to enter 
the cell. The activated fuel element trans- 
port canal, into which the coffin discharges 
the fuel elements removed from the reactor, 
is narrow and deep. The walls and floor of 
the canal are 8ft thick concrete to shield the 
adjoining equipment and work areas from 
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Fig. 3—Layout of Proposed Liquid-Cooled Reactor Plant 


the radiation of the fuel elements. There 
are sections of shielding around the D,O 
piping adjoining the reactor made of alter- 
nate layers of steel and Masonite. Some 
lead shielding is used on the piping where 
maintenance access is needed. The turbines, 
turbine piping, and auxiliaries, are arranged 
in open unshielded areas accessible for nor- 
mal maintenance. 

The amount of heavy water flowing from 
the reactor and its temperature at each fuel 
tube outlet and control-rod opening is indi- 
cated on the control board. A manually 
operated valve on each tube serves as the 
adjustment of the flow distribution over the 
reactor lattice area. Thermo-couples on 
each tube outlet are used to measure the 
temperature of the water and provide infor- 
mation from which the flow adjustments are 
made. A pressure tap on each fuel tube 


supplies the flow data. Flow changes indi- 
cate defects, such as clogged fuel tubes 
owing to the warping of fuel elements or 
wall leaks in a fuel tube. A rapid-scanning 
device for measuring and recording the tem- 
peratures and pressures serves to trace any 
defects which develop. The scanning 
equipment has limit settings to initiate an 
alarm and cause automatic shut-down 
of the reactor when the limits are exceeded. 
Thermo-couples are the only means of 
detecting localised hot spots in the fuel 
elements ; therefore, failure of both thermo- 
couples on any tube is a cause for reactor 
shut-down. The D,O outlet, in addition to 
having its temperature continuously indi- 
cated, has continuous measurements made 
of its radio-activity and of its pH value. 
In addition to the thermo-couples connected 
to the individual fuel-element outlet tubes 
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Fig. 4—Sectional View of Proposed Liquid-Cooled Reactor Plant 
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there are several thermo-couples in the 
hottest area of the reactor to measure and 


record the uranium metal temperature. 
The temperature of the D,O at the inlet 
to the reactor is also recorded. Any heavy 
water leakage from seals and valves is con- 
tinuously collected by a gravity piping 
system. Leakage at gasketed joints and 
other suspected locations is indicated by 
permanently placed probes connected to 
electronic detectors. The discharged helium 
gas, which carries any dissociation products, 
is continuously tested for radio-activity, 
heavy water content, deuterium content, and 
oxygen content. 

The control rods are made of 1-5 per 
cent boron steel and are clad with stainless 
steel to resist corrosion. The guide tubes 
provide an alignment channel to prevent the 
jamming of the rods in the tube sheets or 
the shifting of their position by the flow of 
the coolant. The coolant flow in the space 
between the guide tube and the control rod 
dissipates the heat generated in the rods. 
Certain of the control rods are used to 
control the operating level of the reactor. 
They are actuated in unison by a servo- 
mechanism which receives its input signal 
from the summation of thermo-couples 
situated in the main D,O outlet header of 
the reactor. They maintain a constant D,O 
outlet temperature in the main header when 
compensating for load variations and the 
temperature coefficient of the reactor. 


THE HEAT TRANSFER SYSTEM 


To minimise the amount of coolant 
hold-up in the piping, a flow velocity of 
25ft per second was selected and the length 
of piping was held to a minimum by arrang- 
ing the steam generators in a tight circle 
around the reactor, as shown in Figs. 3 and 4. 
Angle headers, which take the D,O discharge 
from the 211 individual fuel element and 
control-rod headers, connect to a ring header 
21ft in radius, that circumscribes the reactor. 
This ring header, which is constructed from 
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Fig. 5—Boiler Unit for Liquid-Cooled Reactor 


18in pipe, makes possible the operation of 
one, several, or all the steam generators at 
once. It feeds the eighteen individual 12in 
headers which are connected to the top of the 
steam generator coolant boxes. 

With a reactor heat output equivalent to 
1064MW,, it was felt that three turbines would 
be desirable, and that the steam generators 
should be of such a capacity that the total 
number of units would be an even multiple 
of three. The final design is expected to 
preduce 180,000 Ib per hour of saturated 
steam at 180 Ib per square inch absolute, 
from each of eighteen steam generator units, 
which are arranged in pairs to reduce the 
number of coolant pumps and _ valves. 
The boiler tubes are “U-shaped, the 
coolant entering and leaving at the same 
end from a single box with a horizontal 
division wall to separate the inlet and outlet 
compartments. At the coolant box end, 
the steam shell is conical to reduce to 
the tube sheet diameter. A double tube 
sheet is used, one serving as an end plate 
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for the steam and water space and the other 
serving as the inside plate of the coolant 
box. This arrangement has been used to 
avoid leakage of the coolant into the light 
water system and to simplify the detection 
of tube roll leakage. The incoming feed 
water is confined, by means of an envelope, 
to form the preheat section which sub-cools 
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1,011,000 lb per hour for a lin back pressure 
and to 1,035,000 Ib per hour for a 2: 5in back 
pressure. 

The turbo-generator units have been 
designed on the basis of a steam flow of 
1,070,000 Ib per hour at steam conditions of 
175 Ib per square inch absolute and 0 deg. 
Fah. superheat. They are tandem-com- 




















the coolant as it leaves the tubes. The sug- pound, double-flow sets with 35in last-stage 
gested boiler is approximately 24ft long buckets on the turbine rotors. Because of 
the low steam pressure 
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Fig. 6—Control System of Liquid-Cooled Reactor 


with the largest part of the shell 88in in 
diameter. Its general layout is indicated in 
Fig. 5. 

The coolant circulating pumps presented 
one of the major problems in planning the 
design of the power plant. This problem 
results from a combination of the large 
flow quantities to be delivered, the high 
suction pressure that must be sealed, the 
essentially low gland leakage, the high 
liquid temperature and the radio-activity in 
the coolant. The pumps which have been 
selected incorporate a single-stage over- 
hanging-impeller design with only the one 
gland exposed to the suction pressure. One 
of the three pumps associated with each 
turbo-generator is steam turbine driven. 
The other two pumps are driven by 200 h.p. 
motors through hydraulic couplings. 

Four storage tanks, with a total capacity 
of 62,000 U.S. gallons, provide for the 
dumping of all coolant. These tanks are 
lined with stainless steel and have a helium 
blanket to minimise contamination. The 
make-up system for the coolant includes a 
tank, pumps, filters and a demineraliser. 


THE TURBO-GENERATOR 


The following table lists the steam con- 
ditions upon which the turbine design has 
been based :— 


TaBLe IV—Steam Conditions 

Steam pressure at boiler, pounds per square inch, 

Steam temperature (saturated) at boiler, deg. Fah.... 373 

Steam pressure at turbine throttle, pounds per 

eee 
Steam temperature (saturated) at turbine throttle, 

RT sa: ae pale har nates wikh.'” gues ack 


Design, in 2 
Operating, in Hg i ven.» we 1 
Steam flow : 
With 2-5in Hg back pressure, pounds per hour... 3-21 x 10° 
With lin Hg back pressure, mds perhour ... 3-11x 10° 
Total heat available in boiler B.Th.U. per hour ... 3631 x 10° 


The maximum size of commercial turbo- 
generator which is available in the United 
States for these particular steam conditions 
is 80MW and it is proposed to use three 
such units. Each of these turbines generates 
84-7MW, when operating at lin Hg back 
pressure or 77-3MW when operating at 
2-Sin Hg back pressure with the total steam 
flow as specified in the above table. The 
heat rate at lin Hg is 14,111 B.Th.U. per 
kWh, and at 2-Sin Hg it is 15,498 B.Th.U. 
per kWh. The use of steam-driven auxi- 
liaries reduces the available steam flow to 





L Pump Speed Adjusted by to install a_ single 
Differential Pressure large unit underneath 
an 80MW turbine. 
The steam genera- 
tors are grouped in 
banks of three pairs, each bank supplying 
one of the three turbines. The returning 
coolant from each pair of steam generators 
is pumped by one circulating pump to the 
reactor. The output of the steam generators, 
and in turn the output of the turbine, is 
controlled by variations in the flow of 
coolant, as shown diagrammatically in Fig. 6. 
These variations are produced by pump- 
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speed changes which are automatical] 
initiated by the steam pressure regulator 
The outlet coolant temperature varies with 
steam generator load owing to the terminal 
difference increasing with increase in load 
This tends to amplify the amount the flow 
must be varied to produce a given load 
change. A steam pressure regulator holds 
the set steam pressure. In a manner similar 
to that used for the gas cooled reactor, the 
steam can be made to by-pass the turbine 
partially or completely and flow to the 
condenser. 

The following suggested rating applies to 
each of the three generators: 80MW 
0-8 power factor, three-phase, 60 c/s, 
13-8kV and 1800 r.p.m. Each generator 
would be connected to a 138kV bus th rough 
its own 13-8/138kV, three-phase transformer 
and three 138kV transmission lines would 
connect the reactor power station with the 
general grid. 

On the basis of their investigation and 
considering the present status of reactor 
technology, the two power companies con- 
cerned feel that the heavy water reactor 
concept has the best economic possibilities 
for power generation purposes. The impor- 
tant uncertainties are the availability and 
cost of heavy water and the practicability 
and cost of a chemical plant to process the 
fuel elements required. It is believed that 
considerable advantage may be gained by 
the use of light water as the moderator and 
coolant if uranium with a sufficient degree 
of enrichment can be obtained. The future 
cost of enriched fuel and the dependability 
of its supply are, however, uncertain. 


Some Locomotives of 1903 


By E. C. POULTNEY, O.B.E. 


HE trend towards locomotives of in- 

creasing size and power recorded 
in preceding articles published in THE 
ENGINEER again characterised developments 
during 1903, now half a century ago, and the 
designs recalled here can safely be said to 
define clearly milestones marking the pro- 
gressive development of motive power on 
British railways. 

Perhaps one of the outstanding examples 
of the locomotives introduced during the 
period under review was the very large 
express passenger engines of the “ Atlantic ” 
type, designed by Wilson Worsdell for the 
North-Eastern, the first of which came out 
during 1903. Turning the scales at 72 tons, 
engine only, and with the relatively high 
tractive force of 23,300 lb., these remarkable 
locomotives with their large boilers having 
as much as 2455 square feet of heating surface, 
attracted, as might be imagined, quite a 
little attention. 

Coincidentally with the appearance of this 
big engine, J. F. McIntosh produced at the 
St. Rollox works another large design for 
passenger services on the Caledonian. These 
were of the 4-6-0 type and in point of size 
and weight closely assimilated the Worsdell 
engines by having a weight of 70 tons, 
as against 72 tons, and in other respects 
were generally similar ; in fact, the com- 
parative dimensions of these two different 
locomotives, featuring, on the one hand, four 
coupled wheels and, on the other, a six- 
coupled design, as shown in the table, form 
a rather interesting study. The Glasgow and 
South-Western also introduced a departure 
from previous practice by placing in passenger 
traffic some 4-6-0 locomotives designed by 
J. Manson and built by the North British 


Locomotive Company Ltd., at the Atlas 
Works, Glasgow. 

For the Great Central, J. G. Robinson 
designed and Beyer, Peacock and Co. Ltd. 
built four engines experimentally for passenger 
service. These are notable as being the first 
of the larger type to be designed by J. G. 
Robinson for the G.C.R. They provided 
examples having the four-coupled and six- 
coupled wheel arrangements, but each had 
precisely the same boiler design and the same 
tractive force, so that the practical operating 
results with four coupled and six coupled 
wheels could be obtained. To carry the 
experiment a step farther, one engine of 
each wheel arrangement had larger cylinders, 
attained by adding 4in to the diameters, thus 
increasing slightly the tractive force. The 
engines chosen for this experiment were 
of the 44-2 and 4-6-0 wheel classifications, 
with outside cylinders, equal-sized driving 
wheels and interchangeable boilers. 

The principal dimensions of these engines 
are given in the table, from which it will be 
seen that a noteworthy difference between 
the two classes is the adhesive factor. In the 
case of the “ Atlantic” with 194in cylinders, 
this had a value of 4-45, while for the 4-6-0 
and cylinders of the same size the factor of 
adhesion became 6-51. It will thus be noted 
that the “‘ Atlantic” had an adhesive factor 
corresponding well with what may be called 
good practice for two-cylinder engines. 
Assuming this to be the case, the 4-4-2 might 
be expected to handle trains of the same 
weight and at equal speeds as the 4-6-0, 
though the latter under exceptionally bad 
rail conditions would, of course, be more 
reliable, being less likely to “slip,” but 
would otherwise not be expected to handle 
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javier trains than the four-coupled 4-4-2 
ines. 
7 Swindon, G. J. Churchward further 
geveloped locomotives .of the 4-6-0 type for 
main line passenger services by bringing out 
two examples based, in general, on the cele- 
prated No. 100 of 1902, and for freight 
traffic an engine, new to British railways, an 
eight-coupled type with a two-wheeled lead- 
ing truck giving for the first time the 2-8-0 
wheel arrangement. A four-coupled 4-4-0 
engine for passenger traffic was also built at 
swindon, well known as the “ City ” class. 
The year 1903 will always be remembered 
as being the year which saw the arrival from 
France of the 44-2 four-cylinder compound 
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by the high-speed runs performed by two of 
the class, namely, No. 3440, “City of 
Truro,” and another “ City of Bath.” The 
former, according to C. Rous-Marten, 
writing in THE ENGINEER of May 20th and 
July 10, 1904, attained a speed of 102 m.p.h., 
while the latter, when working a train of 130 
tons, ran the 245-6 miles between London 
(Paddington) and Plymouth North Road in 
the remarkable time of 233-5 min, the 
distance thus being run without a stop at an 
average speed of a fraction over 63 m.p.h. 


WorspELL’s Crass “ V ” “ ATLANTICS ” 


The North-Eastern class “ V ” “ Atlantics”’ 
—Fig. 3—were doubtlessly in some respects 


Locomotives of 1903—Principal Dimensions 
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area of 27 square feet. The firebox being 
deep, due to pitching the boiler high above 
the rails and to the use of a pair of small- 
diameter wheels at the trailing end, made 
these the largest fireboxes in use up to that 
time and, as the extra large volume was all 
in the firebox proper directly above the grate 
and not in a so-called combustion chamber 
remote from the grate and firebox proper, the 
volumetric capacity of these fireboxes was 
probably advantageous. 

Other features of these large engines were 
the cylinders, 20in diamtter, and the 28in 
stroke with 10in piston valves in inside valve 
chests and directly operated by Stephenson’s 
valve gear. The boilers, beyond their size, had 
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named “‘La France,” introduced for trial 
purposes on the Great Western at the recom- 
mendation of G. J. Churchward. 


THE G.W.R. “ City ” CLAss 


The 4-4-0 “ City ” class passenger engines 
—Fig. 2—were the first of Churchward’s 
Swindon designs after succeeding W. Dean in 
June, 1902. The 4-6-0 engine No. 100, later 
named ‘* William Dean,” came out earlier in 
that year, though there is little doubt that 
Churchward was mainly, if not entirely, res- 
ponsible for its conception. Reverting to the 
“City ”’ class, it can be said that it was 





the outstanding engines of 1903 ; at any 
rate, when the drawings of these engines 
appeared in the technical press the writer 
remembers being greatly impressed. 

Built to handle the important East Coast 
Joint Anglo-Scottish services between York 
and Edinbutgh (Waverley), they were in 
their day very large locomotives, while it 
may be interesting to recall that these four- 
coupled engines took the place of those of 
the 4-6-0 type. Moreover, in conjunction 
with Ivatt’s Great Northern “ Atlantics,” 
the ysaw the commencement of a period lasting 
eighteen years, during which the principal 


two details in their construction worth recall- 
ing; they were butt joints for the circumfer- 
ential jointing of the barrel sections and the 
method of uniting the firebox casing with the 
back plates, the latter being flanged outwards, 
so enabling both rivet heads to be outside, thus 
facilitating riveting and resembling in this 
respect Crewe practice of the period. The 
Crewe pattern of firehole was also used. 


THE GREAT CENTRAL LOCOMOTIVES 


The Robinson engines for the G.C.R.— 
Fig. 1—were of the “‘ Atlantic ”’ and 4-6-0 
class, two of each alike in all respects except 





Fig. 1—J. G. Robinson’s ‘‘ Atlantic ’’ Passenger Engine, G.C.R., 


representative of Swindon practice at the time, 
being characterised by outside framing with, 
in consequence, the outside cranks for the 
coupling rods, reminiscent of former 4-4-0 
designs. The boilers used were, however, of 
the Belpaire pattern with a tapered rear 
barrel section, this and the absence of a dome 
depicting the Churchward influence. These 
engines as a class would seem to have been to 
some extent what might be called of an 
interim design, in that they differed widely 
from the Churchward standard form of con- 
struction, as exemplified by the 4-6-0 outside 
cylinder engines which came out practically 
concurrently. 

The “ City ” locomotives made their name 


East Coast express passenger services were 
worked throughout between London and 
Edinburgh by four-coupled locomotives with 
conspicuous success, for it was not until 
1922, when the Doncaster “ Pacifics ” com- 
menced to appear, together with those of Sir 
Vincent Raven’s Darlington design, that six- 
coupled engines were again seen on the East 
Coast route. For the class “V” engines, 
Worsdell went straight to a very large boiler 
having a barrel diameter of 5ft 6in and a large 
firebox providing as much as 180 square feet 
of heating surface of the total of 2455 square 
feet. The “ Atlantic’? 4-4-2 wheel plan 
made these large fireboxes possible, giving 
an ample volume in relation to the grate 








for the wheel arrangements. One engine of 
each type had 19in by 26in and 194in by 26in 
cylinders. The identical boilers for the four 
engines had a total of 1911 square feet of 
heating surface and a grate area of 26 square 
feet, The Belpaire pattern of boiler used 
followed more recent practice on the Man- 
chester, Sheffield and Lincolnshire, the prede- 
cessor of the Great Central, and which was 
the first British railway to use this now well- 
known boiler as far back as 1891. 

The new G.C.R. engines had Stephenson’s 
valve gear inside the frames, which operated 
direct slide valves in inside valve chests, a 
very usual arrangement of the period. 

A complete description of the “ Atlantic ” 
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Fig. 6—Mclintosh’s Caledonian 4-6-0 Express Locomotive 


type engines, with sectional drawings, 
appeared in THE ENGINEER of June 10, 1904. 
From the standpoint of design these four 
engines are interesting, portraying, as they 
did, a standard form of construction 
and design, which became characteristic of 
J. G. Robinson’s engines of the larger types 
for the G.C.R. main line services for many 
years. 


THE McINTOSH 4-6-0 ENGINES 


For working the West Coast Joint express 
services between Carlisle and Glasgow over 


work the traffic unaided except that assistance 
was normally provided on the Beattock Bank 
in the northbound direction. The new 
engines were the largest of the kind in the 
country and except for Worsdell’s N.E.R. 
class “‘V”’ “‘Atlantics ’’ were also the heaviest, 
turning the scale at 70 tons, engine only, as 
compared with a weight of 72 tons for 
Worsdell’s engines, also without tenders. 
Following usual Caledonian practice of the 
period, McIntosh retained “inside” cylin- 
ders and, on account of their size, 2lin 
diameter by 26in stroke, the valves could not 
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the form of drive adopted can only be de- 
scribed as a bold venture, for with the boiler 
pressure of 200 lb per square inch, the piston 
loads, maximum, amounted to 69,260 Ib, or 
just over 31 tons, and it is worth while noting 
that, later, when these engines were super- 
heated, the cylinder diameters were reduced 
to 203in and the steam pressure lowered to 
175 Ib per square inch, thus the piston loading 
became 59,167 lb, equal to just under 26-5 
tons. Due to the wheel arrangement adopted 
and the use of the “‘ inside’”’ drive, the boilers 
were very long, resulting in large tubular 
heating surfaces amounting to 2178 square 
feet, which with 145 square feet contributed 
by the firebox, gave a total of 2323 square 
feet. 

The area of the firegrate was 26 square 
feet. The coupled wheels were 78in dia- 
meter, the standard for passenger engines. 
Very large double-bogie tenders were pro- 
vided, having a tank capacity of 5000 gallons 
and space for 5 tons of coal, the loaded weight 
being 55 tons. The writer remembers the 
coming of these large engines well, and it can 
very safely be said that they attracted con- 
siderable attention ; it can also be said that 
their originator was very pleased with them. 


MANSON’s 4-6-0 LOCOMOTIVES 


The Glasgow and South-Western was 
responsible for working the Midland Com- 





Fig. 7—Manson’s 4-6-0 Express Locomotive, G.S.W.R. 


the severely graded Caledonian line, J. F. 
McIntosh designed a large six-coupled loco- 
motive, two of which, Nos. 49 and 50, were 
built at the St. Rollox Works of the com- 
pany—Fig. 6. The four-coupled 44-0 
locomotives previously designed by McIntosh, 
generally known as the ‘“ Dunalastair,” 


had done and were, in fact, still doing excel- 
lent work on the line, but, as two engines 
were frequently required with the heavier 
trains, the new locomotives were intended to 


be placed between the cylinders, as for the 
4-4-0 locomotives: they were placed in 
steam chests above and the partially balanced 
type was adopted, operated by Stephenson's 
gear through the medium of rockers. The 
leading coupled axle was the crank axle and, 
to accommodate sufficiently strong crank 
webs and journal bearings of the size deemed 
necessary, the wheel centres had to be con- 
siderably “‘dished.”” While these large 
engines did their work well with heavy trains, 


pany’s through passenger services between 
St. Pancras and Glasgow (St. Enoch) over 
the none too easy road between Carlisle and 
Glasgow, travelling both northbound or 
southbound, which, together with the in- 
creasing weight of these trains, necessitated 
the use of more powerful engines to work 
them satisfactorily. 

To meet requirements, J. Manson designed 
at Kilmarnock and the North British Loco- 
motive Co. Ltd., built at the Atlas Works, 





Fig. 8—Churchward’s 2-8-0 Freight Locomotive, G.W.R. 
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Glasgow, some 4-6-0 locomotives, as illus- 
trated by the photograph reproduced in 
Fig. 7, representing a considerable advance 
compared with previous G. and S.W. 
practice. 

Though not so large as the McIntosh 
Caledonian engines, the design is neverthe- 
less interesting, because, being of the same 
class, it offers for comparison two distinct 
schools of thought in the designing of high- 
powered six-coupled locomotives. 

The Manson engines have, as will be seen, 
outside cylinders, the drive being taken by the 
intermediate coupled wheels giving a direct 
thrust on the coupling rods, whereas the 
McIntosh design having “inside” cylinders, 
offering some advantage from the balancing 
point of view, necessitated the use of a crank 
axle and an indirect transmission of power 
through the coupling rods to the second and 
third pair of drivers. The horizontal “ out- 
side” cylinders, 20in by 26in, had their 
valves of the flat type in overhead steam 
chests and operated by Stephenson’s gear, 
inside, by means of rockers. The boiler, of 
the Belpaire pattern, had 1852 square feet of 
heating surface and a grate area of 24-5 
square feet. A noticeable point about these 
very neatly designed engines was the large 
double bogie tenders required to carry a 
sufficient supply of water—there were no 
“troughs ”. north of Carlisle at that time— 
in a tank of 4100 gallons capacity. - The full 
weight of the tenders came out at 50-3 
tons. 


G.W.R. 4-6-0 AND 2-8-0 LocoMOTIVES 


Following the completion at Swindon of 
the engine No. 100, G. J. Churchward 
pressed on further with the development of 
4-6-0 engines for express passenger traffic 
by turning out two additional locomotives of 
the class, Nos. 98 and 171, “* Ernest Cunard ” 
and “ Albion ” (Fig. 4). While maintaining 
the same general design originated by No. 
100, certain improvements were introduced, 
particularly with respect to the size of the 
piston valves and in the design and arrange- 
ment of the Stephenson valve gear. The 
cylinders were cast with half saddles support- 
ing the circular smokebox and the piston 
valves in steam chests above the cylinders 
were increased to 10in diameter and had a 
steam lap of lgin. The valve gear, both in 
detail and arrangement, copied American 
practice and, as in the case of No. 100, was 
arranged between the frames and rockers, 
being introduced to connect with the valves. 

The Belpaire pattern of boiler, though 
similar to that used for No. 100, had a tapered 
rear barrel course connecting with the firebox 
casing, and for engine No. 98 the working 
steam pressure was 200 1b per square inch, 
increased to 225 Ib per square inch for engine 
No. 171, thus establishing the standard work- 
ing pressure, retained up to the present day 
except in the case of the ““ Kings ”—(1926)— 
which have a steam pressure of 250 lb, and 
the “County” class of 1945, carrying a 
steam pressure of 2801b per square inch. 
The Churchward engines Nos. 98 and 171 
marked a distinct advance in practice at that 
time and, moreover, set a high standard of 
performance due, in the main, to the cylinder 
design and the valves and valve gear charac- 
teristics copied, in principle, but not in detail, 
many years later by other railways. 


G.W.R. COMPOUND ENGINE “ LA FRANCE ” 


In 1903, the Great Western took a very 
unusual course in obtaining from France a de 
Glehn four-cylinder compound 44-2 
engine—Fig. 5—for express passenger traffic. 
Furnished by the Société Alsacienne de Con- 
structions Mecaniques, Belfort, this notable 
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engine, representative of many reputed to 
be doing excellent work on French railways, 
perhaps especially on the “‘ Nord,” attracted 
much attention at the time when it ran in 
competition with Churchward’s Swindon 
two-cylinder engines. The locomotive 
** Albion ” was, as already mentioned, experi- 
mentally altered to have the 4-4-2 wheel 
arrangement to assimilate the French engine 
in this respect. 

The engine “‘ La France” received atten- 
tion in the columns of THE ENGINEER at 
the time, and undoubtedly did good work on 
the Great Western and, though it was not 
copied in compound form, it would appear 
to have directed attention to the possible 
advantages offered by four cylinders with a 
divided drive, as seen in Churchward’s No. 40 
** North Star ” of 1906. 

So far as the writer is informed, no 
particulars have ever been published regard- 
ing the fuel and water consumptions recorded 
with ** La France.”” However, a very similar 
engine, constructed by the same firm, was 
tested at St. Louis in 1904, and full particu- 
lars of the results will be found in Loco- 
motive Tests and Exhibits, published by the 
Pennsylvania Railroad, 1905. 


, 


A 2-8-0 FREIGHT ENGINE 


The G.W.R. 2-8-0 engine designed for 
main line freight traffic—Fig. 8—was espe- 
cially interesting for the reason that it intro- 
duced an entirely new locomotive type 
on British railways. It had long been 
used in North America and both in wheel 
arrangement and in detail design C. J. 
Churchward’s engine very closely resembled 
practice in the United States. The Swindon 
engine carried the same boiler as for the 
later 4-6-0 and had the same cylinder 
and front end design ; also the valves and 
the valve gear were the same. The leading 
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two-wheeled truck was of the American 
pattern, as was also the spring suspension 
system. The spring gear was compensated 
in two groups, the leading truck being com. 
pensated with the springs for the first ang 
second coupled axles, and the third ang 
fourth coupled axles formed the second com. 
pensated group. 

Taken as a whole, these Swindon-buyil 
freight engines are a simple and at the same 
time effective design, and it is not without 
interest to note that to this day they are stil] 
giving excellent service in main line freight 
traffic on the Western Region of British 
Railways. As an indication of the success of 
these locomotives it has been authoritatively 
stated that they make a higher mileage be. 
tween general repairs than any other loco. 
motive of this kind on British Railways— 
surely a tribute to a design originated fifty 
years ago. Naturally, these engines now use 
superheated steam and have the standard 
No. | Swindon superheater boiler, which is, 
however, in point of size and design almost 
exactly like the original. 

Before leaving these Swindon-built engines 
it may be of interest to observe that a dia- 
gram showing the performance of the 4-6-0 
engine “Albion” appeared in THE ENGINEER of 
March 23, 1906. This indicated the speeds 
attained and the horsepowers developed, also 
the “ cut-offs” used when working a 337-ton 
passenger train from Paddington to Bristol, 
and is a most interesting record of per- 
formance. 

The writer is indebted to British Railways 
for the photographs of the G.W.R. 4-4-0, 
4-6-0 and 4-4-2 engines and to the Loco- 
motive Publishing Company for the C.R. 
4-6-0 and N.E.R. 4-4-2 engines. The 
photograph of the G. and S.W.R. engine has 
been supplied by the North British Loco- 
motive Company, and the remainder are 
from the writer’s collection. 


Iraq Oil Pipe-lines 


By V. S. SWAMINATHAN, M.A., M.Sc. 


PERATING conditions for petroleum in 

the Middle East are markedly different 
from those in the highly industrialised 
countries like the United States or Canada. 
In the Islamic world an oil company has to 
negotiate a concession with the Government 
of the country concerned, and accept 
political risks in addition to commercial 
hazards. A Middle East. oil operation 
resembles putting an army ashore on an 
empty beachhead and keeping it continually 
supplied, so that *‘ non-oil ” costs are approxi- 
mately equal to direct oil costs, and since the 
area is far removed from any large consuming 
countries, the crude oil and products must 
be shipped to refining and using centres. 
One of the major oilfields—Kirkuk, in Iraq— 
lies so far inland that its product had no 
means of reaching the world’s markets until 
pipe-lines had been laid across the Syrian 
desert to the Mediterranean at a distance 
approaching* 600 miles. Similar considera- 
tions apply to the Ain Zalah oilfield operated 
by the Mosul Petroleum Company and the 
Zubair oilfield of the Basrah Petroleum Com- 
pany, though in the latter case the most 
accessible seaboard is the Persian Gulf. 

By 1931 adequate reserves of oil had been 
proven at Kirkuk to justify the construction 
of a pipe-line system, shown in our map, to 
the Mediterranean, and the necessary trans- 
port arrangements were made with the 
Governments of Palestine, Transjordan, 





Syria and Lebanon to enable work to pro- 
ceed. The two 12in kines projected ran 
parallel from Kirkuk to the Euphrates River 
and then bifurcated, one traversing Trans- 
jordan and Palestine to the Bay of Acre 
(north of Haifa), and the northern line 
stretching across Syria and Lebanon to 
Tripoli. Final surveys of alignments were 
completed in 1931, and in the early part of 
the following year water wells were drilled, 
railhead depots constructed at Tripoli, Homs, 
Mafraq, Baiji and Haditha, and the organ- 
isation of transport completed. Actual con- 
struction of the 12in lines began in August, 
1932, with a labour force numbering approxi- 
mately 5000, and building of the northern 
line to Tripoli was completed in July, 1934, 
the first oil reaching that port in the same 
month. The southern line was completed in 
October, 1934, and oil was first delivered to 
the Haifa terminal by the middle of that 
month, exactly seven years after oil was 
first struck at Kirkuk. The northern line is 
531 miles long and the southern 617 miles, 
each having a capacity of 2,000,000 long tons 
of crude oil per annum, equivalent to 42,500 
barrels per day, and were among the largest 
and longest of the world’s pipe-lines, when 
they were built, and the first all-welded lines 
outside the United States. Twelve pumping 
stations were erected, three adjoining popu- 
lated areas and nine in the desert. The com- 
pletion of these lines was soon reflected in 
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the production figures of the Iraq oilfield, 
which rose from 932,000 tons in 1934 to 
4,000,000 tons per annum in 1937, the 
maximum capacity of thé 12in lines. 

Plans formulated for the construction of 
new 16in pipe-lines to Haifa and Tripoli were 
frustrated by the second world war ; how- 
ever, pipe for these lines was ordered in 1945 
and construction started in October, 1946, 
and by the spring of 1948 the southern line 
to Haifa was completed to within 50 miles of 
the Mediterranean seaboard. Disturbed 
conditions in Palestine led to the suspension 
of operations on this line, so labour and 
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to the port of Banias, should be 26in pipe, 
which was manufactured by the National 
Tube Company of Lorain, Ohio, and the 
initial cargo of this material reached Tripoli 
in November, 1950. 

In the spring of 1952 the 26in, 30in and 


32in, 555-mile, 300,000 barrels per day 
crude oil pipe-line from Kirkuk to Banias, 
on the Mediterranean coast, was completed 
by the Arabian Bechtel Company. This 
company was responsible for the work 
planning, requisitioning of construction 
materials and equipment, welfare of em- 
ployees, storing and overland transport of 

line pipe and supplies, 

in addition to the 
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| 30 inch Pipeline 








actual construction of 
the pipe-line. The 
Bechtel International 
Corporation was re- 
sponsible for the en- 
gagement of American 
personnel and the ex- 
port of construction 
supplies and equip- 
ment purchased in the 
United States. George 
Wimpey and Co., 
Ltd., carried out simi- 
lar services in the 
United Kingdom, 
while the Iraq Petrol- 
eum Company, Ltd., 
and its associates, were 








Iraq Oil Pipe - Lines 


materials were transferred to the northern 
line from Kirkuk to Tripoli. Pumping 
through the latter line got under way in 
July, 1949, attaining full capacity in 1950, 
when production from the Kirkuk oilfield 
reached an annual rate of 7,500,000 tons. 
The capacity of the 12in line to Haifa was 
denied as a result of the war between the 
Arab countries and Israel, but output 
facilities in the Kirkuk oilfield were planned 
on the assumption that the 12in and 16in 
lines to Haifa would be in operation, and by 
1950 the oilfield was capable of an output of 
15,000,000 tons a year, or four times the pre- 
war figure. 

While construction of the 16in lines was 
still in its early stages plans were made for 
laying a 30in line from Kirkuk to the Mediter- 
ranean seaboard at Banias. Steel pipe of 
this diameter was available in quantity only 
from the United States and because of the 
world steel shortage it proved impracticable 
to procure a steel allocation or mill capacity 
for its manufacture until 1950. This large 
diameter pipe is rolled into its cylindrical 
shape from steel plate and welded along its 
length inside and out. Hydraulic expanders 
stretch the metal to give it greater tensile 
strength, producing a pipe of the required 
diameter, 31ft long, with ends bevelled for 
final welding. Approximately equal quan- 
tities of 30in-32in diameter pipe, totalling 
about 160,000 tons, were ordered to permit 
the 30in pipe being nested inside the 32in 
to halve the shipping space, and also 23,000 
tons of 26in diameter pipe. It took 25,000,000 
ton-miles of. motor transport across the 
Iraq and Syrian deserts to distribute this 
material from the port of Tripoli in Lebanon 
and from Basrah, some 400 miles south-east 
of the nearest point on the pipe-line. The 
30in-32in pipe was manufactured by the 
Consolidated Western Steel Corporation of 
California, and the first consignment left 
Los Angeles in September, 1950. The 
design of the pipe-line provided that its 
seaward end, a 90-mile stretch down hill 
from the Homs Gap, 2573ft above sea level 


atic responsible for the 
procurement of all 
permanent materials, 
such as line pipe and 
valves. As many nationals as possible of 


the work-site countries were employed and 
trained and those engaged on the project 
included 100 Americans, 300 British and 
about 5000 Arabs. 

There were three methods of transport 
available to the constructors of the project— 
air, rail and motor vehicle. Air transport 
furnished by the Iraq Petroleum Company, 
Ltd., included a service on three days each 
week for the movement of personnel. Tri- 
poli, Homs, Baiji, Baghdad and Basrah 
are all served by interconnected railways, 
but they were utilised mainly for hauling 
materials, supplies and equipment. All of 
the pipe was hauled by rail from Tripoli 
to Homs, or from Basrah to Buiji. The 
railway also carried materials from the 
Homs depot to Baiji, but the roundabout 
route of this line made it unsuitable for this 
work. 

Motor transport was the responsibility 
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of the Arabian Bechtel Company and 
throughout the construction period it proved 
of paramount importance, the transport 
department being the largest of any of the 
service organisations. Its functions embraced 
operation and maintenance of motor vehicles 
for all departments of the inspection section ; 
operation of central workshops ; servicing 
of the line shops for pipe-line construction 
and operation of line shops for the right-of- 
way, pipe hauling and road crews ; stringing 
of all main-line pipe ; off-loading from rail 
trucks and stockpiling of all main line pipe, 
except that received at Homs, and the haul- 
ing of all materials, equipment, supplies and 
food wherever needed on the project. 
Unusual problems were posed by the per- 
forming of these operations in three 
countries—Syria, Iraq and Lebanon. The 
Iraq Petroleum Company, Ltd., was com- 
mitted to British equipment for pipe hauling 
and stringing, comprising thirty-five “ Antar”’ 
trucks and trailers, one of which is shown in 
the light travel position, and for the rest 
of the transport fleet American vehicles 
were employed only when British units 
of the required type were unavailable. 
With the exception of the “ Antar,” a speci- 
ally designed heavy duty tractor unit, heavier 
than standard units modified for pipe-line 
service were obtained from the United 
Kingdom. Nearly all the British trucks, 
including the “ Antars,” were unproved 
for desert travel and construction conditions, 
so that the field forces were obliged to 
carry out modifications and effect not infre- 
quent repairs. 

Except for a period of about a month 
when heavy rains rendered the desert impas- 
sable, the string crews contrived to keep 
pace with the construction men all through 
the project. About 10,000,000 ton-miles of 
general cargo and supplies were hauled on 
the project, in addition to the regular moving 
of equipment and camp buildings, while the 
hauling and stringing of the main line pipe 
involved a total of nearly 18,900,000 ton- 
miles. 

As on all construction projects the stores 
department proved exceptionally important. 
A central store with sections for general, 
spare parts, explosives and accounting, was 
set up at Homs at the outset and was even- 
tually moved to Baiji. The handling of 
explosives, which were employed for ditch- 
blasting and right-of-way work, entailed a 
highly complicated procedure in conformity 
with federal law, especially in Syria. Over 
11,000 tons of materials were imported 
from the United States and Great Britain, 
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apart from pipe, and included welding 
electrodes, motor vehicle parts and field 
equipment items. 

Both British and American staffs were 
housed in four-man “* Supalite ’ and Swedish 
prefabricated huts, which could be knocked 
down for long-distance travel or transported 
intact along the line on trailers. Shops and 
warehouses were of steel frame construction, 
sheeted with corrugated metal, while line 
camp staff living quarters were of wood, 
of 16ft by 18ft inside measurement, and could 
be moved bodily or dismantled. At some 
camps stone and adobe buildings erected by 
skilled Arab masons were used. 

Field planning on the project started in 
Tripoli in January, 1950, construction got 
under way in June and pipelaying at the end 
of November. The completion date was 
December 31, 1952, butin July, 1951, the Iraq 
Petroleum Company, Ltd., decided toadoptan 
accelerated programme, calling for additional 
manpower, equipment and supplies and camp 
construction was increased to provide hous- 
ing for two main line gangs working simul- 
taneously in Iraq instead of one. Pipelaying 





in Syria, including 89 miles of 26in pipe, was 
completed before the end of the year by 
Spread No. 1. Pipelaying progress for the 
first phase of the new programme, which 
entailed completion to pump station K-3, 
was controlled entirely by the availability of 
pipe, but the line was eventually tied in to 
K-3 in February, 1952. Spread No. 1 moved 
across the Euphrates River and started 
laying toward the Tigris, while Spread No. 2 
moved to Kirkuk and worked in a south- 
westerly direction to meet the other spread. 
A race ensued, pipelaying records were broken 
and the two spreads were tied in to the 
river crossing manifolds on either bank of the 
Tigris in April, some five days ahead of the 
target date. : 

The new Iraq Petroleum Company’s line 
is entirely below ground. Construction 
techniques were standard, though certain 
adaptations had to be made to allow for the 
employment of British equipment. This was 
employed as much as possible due to the 
limited amount of dollar currency available, 
but all pipe and specialised pipe-line ma- 
chinery came from the United States. 

One of the keys to the success of pipe- 
laying was the double and triple jointing. 
The 26in pipe, being used in rough terrain, 


** Mighty Antar ’’ in Light Travel Position 
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was stovepiped in 39ft joints, but all the 
30in-32in pipe was either double or triple 
jointed. Two plants were set up for this 
work, one was at the Homs base camp, 
which we illustrate, where about two-thirds 
of the pipe was triple jointed into 93ft 
sections, and the other was at Baiji. This 
latter plant obtained pipe by rail from 
Basrah, triple jointing that which was to be 
laid on the stretch to the Euphrates, and 
double jointing that which was to be laid 
between there and Kirkuk. These shorter 
lengths were necessitated by the carrying 
capacity of a cable way across the Tigris. 

A semi-automatic plant was deemed more 
practical than a fully mechanised one from 
the standpoint of cost and simplicity, and 
because it would have to be portable for use 
successively at two widely separated loca- 
tions. The special equipment needed for the 
denesting unit and the manual and automatic 
welding operations was designed in the 
United States. The plant incorporated 
facilities for the storage of nested pipe, 
denesting, manual welding of the stringer 
beads and hot passes, automatic welding of 





the filler and cover passes, and the repairing, 
stockpiling and loading out of the completed 
93ft sections. Visual inspection and the 
gamma-ray process were applied at both the 
Homs and Baiji plants as well as along the 
line, to ensure quality welding. The two 
diameters of pipe were used separately. The 
30in pipe was placed at the discharge side 
between pump stations, where the pressure 
would be greatest, and the 32in pipe was laid 
at the incoming or suction side, where the 
pressure would be less. 

A welding school was set up at the Homs 
plant, where all welders were certified by the 
Iraq Petroleum Company, Ltd., before being 
permitted to do production welding on any 
main line pipe. British staff welders had 
little previous experience in “* downhill” 
pipe-line welding and they attended the school 
to become qualified, while American welders 
took refresher courses. 

The right of way was prepared with bull- 
dozers, angledozers, graders, scrapers and 
rooters. Two motor graders were employed 
on an average, and the number of bulldozers 
and angledozers varied from two to ten. 
Drilling and shooting were done by a local 
sub-contractor. A road width of 60ft was 
maintained for most of the line, but often 
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increased to 100ft in the open dese 
narrowed to SOft in a cultivated area. 

Ditching was sub-contracted to a local 
firm that had executed similar work on the 
existing 16in pipe-line, and was familiar 
with government regulations, labour cop. 
ditions, and the housing and feeding 0; large 
numbers of Arab workers in the desert 
The excavation averaged 2-5 cubic yards 
per lineal yard, hence the largest machines 
practicable were used for the job. Broadly 
speaking, ditching machines, one of which 
we illustrate, pioneered the ditch excavation 
and where they ran into material too hard 
to dig to full depth, but not hard enough for 
blasting, a trench hoe was employed. The 
specifications were for a neat width of 45in 
for the 26in pipe and 48in for the 30i11-32in 
pipe, with a depth sufficient to provide for 
6in of padding at the bottom and a minimum 
of 2ft of cover in normal ground and 4f 
in areas where washouts are likely to occur, 
Where blasting had to be done the practice 
was followed of drilling approximately {f 
below the finished grade of the ditch. " The 
holes were loaded with dynamite and fired 
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Trench Ditcher 


in groups of 100 to 200 holes with instan- 
taneous detonators. About 726,000 cubic 
yards of rock were blasted while the grand 
total of material moved by all means was 
approximately 2,000,000 cubic yards. 

The crossings of the Tigris and Euphrates 
Rivers had to be carried out during the 
period of low water in the late summer and 
autumn of 1951. At low water the Tigris 
is about 500ft wide and 25ft deep, and flows 
at 7 knots. At flood stage it is 1500ft 
wide. The Euphrates is 1400ft wide at 
low water with a current of 3 knots, and a 
maximum depth of 12ft. Four lines of 16in 
diameter pipe of jin wall thickness were 
used for each river, cleaned, primed, coated 
and wrapped according to the same speci- 
fications as the main line. River clamps, 
each weighing 1825 lb, were spaced at 27ft 
intervals, with wood lath protecting the 
coating between them. Each group of 
channel sections was bowed upstream in 
horizontal planes a distance of 60ft. The 
Tigris was tackled first, for it was deemed 
advantageous to break in the crew on a 
shorter pull. 

In the 555 miles of pipe-line from Kirkuk 
to Banias the average number of bends per 
mile was 10-4. A smooth-bending machine 
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Mobile Cold Bender 


mounted on crawler tracks, and shown in 
our engraving, was used for all three 
sizes of pipe, and equipped with the neces- 
sary die and hydraulic shoes. Standard 
procedure was followed for line-up and 
weld and automatic, electrically driven 
internal clamps were used. Welded sections 
between items were limited to 4000ft in 
rough or rolling terrain and 6000ft in flat 
or gently rolling terrain. In welding the 
26in and 30in-32in pipe of 3in wall thickness, 
five full passes were made; one stringer 
bead, one hot pass, two fillers and a cover 
pass. For welds in overbends the hot-pass 
welders ran a reinforcing pass over the top 
two-thirds of the circumference of the pipe 
and for sag bends a similar extra pass on 
the under-side. For 30in-32in pipe of 
fein wall thickness, six full passes were 
made: one stringer bead, one hot and one 
stripper, two fillers and one cover pass. 
The clean and prime crews usually operated 
two self-propelled machines with supporting 
tractors. The leading machine removed mill 
scale and rust ; the following machine did 
the final cleaning and applied the primer. 
Knife-blade cutters were seldom used on the 
30in-32in pipe because of the raised longi- 
tudinal seam on these sizes. On cold or 
cloudy days the primer was allowed to 
dry for six hours before the application of 
hot enamel ; in warm weather two to four 
hours sufficed. For coating and wrapping 
five machines were used—one for 26in 
size and four for 30in-32in size pipe. Cold 
and wet weather, rough terrain, lack of 
experience, and mechanical defects in the 
machines themselves caused initial diffi- 
culties, but these were soon overcome and 
one crew covered 22,598 lineal feet of pipe 
in one day. The machines applied a coat of 
hot enamel */,,in thick with a front flood 
shoe, then a spiral wrapping of porous 
fibreglass, which was pulled well into the 
hot enamel, for reinforcement and to break 
any bubbles ; before a second %/3,in coat of 
hot enamel was applied through a rear 
shoe and followed by a spiral wrap of asbestos 
felt. ‘The enamel was applied at a tempera- 
ture between 500 deg. and 520 deg. Fah. It 
was the first time that a long-distance, large- 
diameter pipe-line had been given a con- 
tinuous, heavy double coat, double-wrap 
treatment with hot coal tar enamel. 

For lowering in, five side-boom tractors, 
operated by Arabs, were used by each of the 
main line spreads, and with sections 4000ft 





to 6000ft long of coated and wrapped 
30in-32in pipe, great care had to be exer- 
cised to avoid buckling the pipe or damaging 
the coating. A photograph, reproduced 
herewith, shows a section of pipe ready for 
lowering by side boom tractor. 

The crews worked on night shift during 
the hot summer months and on day shift 
during the cold winter months, so that 
specified lowering-in temperatures between 
60 deg. and 80 deg. Fah. could be 
maintained. Tying-in of the sections had 
to be done within the same temperature 
range. Before final backfilling the coated 
pipe in the ditch had to be covered with a 
6in blanket of screened earth, not only as 
protection against rocks, but also to shield 
the coating against rising temperatures. 
The blanket was placed by hundreds of 
Arab workers with hand shovels and mesh 
screens. Thirty-five gate plants were 
installed in the line. 

The entire pipe-line was hydrostatically 
tested with oil to induce a maximum stress of 
27,500 Ib per square inch, and this was done 
from the pump stations. Only five leaks 
were located. No road building was pro- 
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vided for in the contract, since the earlier 
pipe-lines had been completed successfully by 
using existing desert trails. However, the 
Iraq Petroleum Company, Ltd., provided 
manpower and equipment to enable the 
trail improvement needed to permit passage 
of “ Antar” trucks and trailers hauling 93ft 
lengths of 30in-32in pipe and the improved 
sections of roadways were maintained during 
the construction period by a team of seven 
motor patrols. 

The Iraq Petroleum Company, Ltd., 
erected completely new pump houses at 
stations T.2 and T.4, and is effecting altera- 
tions and additions at K.1 and K.3 to handle 
the additional crude oil needs of the new line. 
At K.1, where crude oil is received from 
Kirkuk stabilisation plants, the six five-stage 
pumps have been replaced by six six-stage 
pumps operating in parallel. At K.3, which 
is approximately SOOft lower in elevation 
than K.1, previous equipment consisted of 
six six-stage pumps, and power for the elec- 
tric pumps was provided by three Crossley- 
Premier sixteen-cylinder diesel engines 
coupled to individual generators. Three of 
the old pumps for the 12in and 16in lines, 
with two in series, are now employed to 
give 1000 lb per square inch pressure, and 
the other three have been replaced by five 
new pumps arranged for three or four to 
operate in parallel to provide 729 lb per 
square inch in the new line. Four new six- 
stage pumps were installed in 1952, the 
engines and generators being in a separate 
building. Diesel engines, each developing 
2000 h.p., drive the four generators. Arrange- 
ments at T.4 are similar, except that only 
three six-stage pumps are installed. A note- 
worthy item of the pipe-line operation is the 
use of the old 12in line to supply the pumping 
stations with fuel, which is produced by a 
topping unit of 6450 barrels per day capacity, 
built by Foster Wheeler at K.3. Seven pump 
stations, designated K.1 through K.3 and 
T.1 through T.4, are located along the big 
inch route. They not only supply the power 
necessary to sustain the flow of oil at the 
designed production and act as control 
points for checking the quantities passing 
through the line, but also serve as bases for 
line repair and maintenance. They are 
miniature towns in artificial oases and every 
need of the maintenance staff has to be pro- 
vided by the oil company. 

The new Banias terminal, some~60 miles 
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north of Tripoli, occupies about 1200 acres 
and is the third Mediterranean tanker ter- 
minal to come into service. Early in 1952 
the new terminal was ready for operation by 
gravity loading, while work was hastened on 
its pumping equipment. It provides six 
sea lines, varying in length from 4400ft to 
7235ft, which extend out to 60ft water depth 
and are spaced } mile apart. All are of 
24in diameter with 4in wall thickness. The 
sea lines were launched by the conventional 
dolly technique from a single launching strip 
and floated into position. Once clear of the 
shore they were towed out to a suitable 
distance, between 3 miles and 4 miles, and 
then manceuvred into position along a line 
of buoys. By September, 1952, the Banizs 
terminal was handling a throughput of 
37,000 long tons of crude oil a day, which 
will, as T.4 station comes into operation and 
more tankers become available, rise to 
44,000 tons daily. Ten of the twenty-three 
storage tanks, each of 25,000 tons capacity, 
have been completed at the tank farm, and 
it is planned to increase the total number. 
Last September seventy-four tankers were 
loaded and, based on returns to the end of 
that month, the throughput of the terminal 
was equivalent to an annual rate exceeding 
13,000,000 tons, which is about 1,000,000 
tons less than the maximum figure. Eleven 
mooring masters superintend the berthing 
and loading of the tankers, the largest of 
which to date has been the “ Berenice,” of 
30,000 deadweight tons. The loading rate 
at each berth is of the order of 1200 tons an 
hour, but it can be stepped up, where con- 
ditions allow, to 1600 tons, and with the 
installation of loading pumps at the terminal 
to boost the gravity feeding, the maximum 
rate should attain 3300 tons an hour. 

The Basrah concession is now exploiting 
the Zubair oilfield. Here a single degassing 
station, installed in a central position with 
reference to the fifteen producing wells and 
employing horizontal separators, stabilises 
the crude oil. From the flow tanks this crude 
oil is transferred by a small centrifugal pump 
to three large storage tanks, from which it is 
pumped through the 72-mile line to the Fao 
terminal by four gas-driven and two diesel- 
driven pumps. The line is 12in in diameter, 
except for the last 10 miles, which is 16in and 
is laid on 8ft concrete sleepers, expansion and 
contraction being compensated for by move- 
ment in a vertical plane. 

At the Fao terminal eight crude oil storage 
tanks have been erected, each with a capacity 
of 4,750,000 gallons. There are two oil 
loading jetties, each of which can load at a 
rate of 2000 tons per hour by means of elec- 
trically driven loading pumps. The jetties 
are equipped for night loading, and among 
other services fresh water and steam are 
available for the tankers. 

Oil production from the Zubair field was 
about 2,240,000 long tons in 1952. Con- 
currently with the output of crude oil from 
Zubair, the development of the Basrah con- 
cession is being intensified, and under its 
new agreement negotiated with the Iraq 
Government in 1951 the Basrah Petroleum 
Company has undertaken to achieve an 
annual production of 8,000;000 tons by the 
end of 1955. 

Another new pipe-line, 24in in diameter, is 
under construction from Zubair to Fao and 
is being laid parallel to the existing 12in line. 
When complete it will be 80 miles in length 
and weigh 17,000 tons, and the pipe has 
been supplied by the South Durham Steel 
and Iron Company. To form the pipe steel 
plates in lengths of 26ft were rolled to shape 
and then seam welded. Besides periodic 
X-ray examinations of the weld, other tests 
were carried out, and a 400ft length of pipe 
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was raised by a number of cranes and then 
** bounced” from a height of 8ft. It was 
then lifted at its centre by a single crane and 
dropped from a height of I5ft. Subse- 
quently inspection failed to detect any flaw. 
The object of the test was to simulate the 
severest conditions to which the pipe may be 
subjected during transit. Pipelaying from 
Zubair to Fao began in May and is expected 
to be completed by the end of 1953. 

Petroleum production in the Middle East 
has received an impetus from the laying of 
large-diameter pipe-lines, which render the 
transport of oil to the Mediterranean coast 
an economic proposition and permit this 
source of fuel and power to compete in 
Western Europe with that of the New World. 
In the design of large-diameter pipe-lines the 
long-established numerical factor of safety 
has been superseded by a unit stress related 
to the yield strength of the steel from which 
the pipe is fabricated. Protection against 
the corrosion of buried pipe-lines in the shape 
of improved coatings and cathodic protection 
has eliminated the need for extra thickness 
in the wall of the pipe as a corrosion allow- 
ance. Where conditions permit, the wall 
thicknesses are varied with working pressures. 
These three major factors in design have 
reduced substantially the amount of steel 
required. The development of large-diameter 
pipe-lines has led to the employment of large 
centrifugal pumps to handle the oil, and 
pumps of 2000 b.h.p. and over are in use on 
these lines, a pumping station frequently 
containing a total of 10,000 h.p. to 12,000 h.p. 
in prime movers. The several operations 
entailed in the construction of such pipe-lines 
—ditching, stringing, welding, cleaning and 
wrapping, lowering into the ditch and back- 
filling—all lend themselves to production 
line techniques, and they can be planned so 
as to follow one another in close succession 
at speeds seldom below, and generally above, 
the rate of 1 mile per day per gang. Even the 
testing of the pipe-line can be added to these 
operations at the same time. With small- 
diameter pipe-lines it was the custom to fill 
the completed line with water and subject it 
to a pressure test. Experience on the 30in- 
32in line has shown that it is possible by 
careful inspection and by making use of 
modern techniques to detect all faults in the 
steel of the pipe and in the welding before 
the protective coating is applied, and so 
dispense with a water test. As soon as it is 
completed the line can be filled safely. and 
pressurised with the oil it is to carry. The 
extra cost of inspection is more than com- 
pensated by the time saved ; in addition to 
this advantage it avoids the risk of the 
possible initiation of corrosion and the diffi- 
culty of wholly removing water from the 
pipe-line. The Kirkuk-Banias pipe-line is the 
largest-diameter crude oil trunk line now in 
use, but larger-diameter lines are being 
planned, and it is safe to predict that 36in 
pipe-lines will be built in the near future, 
pipe of this diameter having been employed 
already in the United States for the trans- 
mission of natural gas. 

With the completion of the 30in-32in 
the pipe-lines now carrying Iraq crude oil to 
the seaboard for transport to overseas 
markets are :— 


Route Diam., Length, Capacity, 
in miles Million tons per year 
i eee ee. ee 14* 
ee OS eee PS: eee 5-5 
eS eee ee | ee 2:2 


Other pipe-lines belonging to the Iraq 
Petroleum Company, Ltd., and associated 
companies are :— 


Ain-Zalah—K.2... 12 ... 


134 ... Tied into Tripoli line at K.2 
Kirkuk-Haifa ... 16 575 losed 


Incomplete and c! 


Kirkuk-Haifa ... 12 ... 617 ... Closed 
ir-Fao ... ... . 75... Inuse 
Zubair-Fao ... ... 24... 75 ... Under construction 





* Including Mosul prod 
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As a result of the agreement, negotiated in 
1951, and ratified by the Iraq Parliament in 
February, 1952, the Iraq Government has 
a revenue expectation, based on present 
prices and costs, of £31,000,000 in 195) 
rising to £59,000,000 in 1955. The terms of 
the agreement becameeffective from January | 
1951. The Iraq Petroleum Company and 
the Mosul Petroleum Company will tovether 
account for a minimum of 22,000,000 tons of 
crude oil a year from 1954 onwards. The 
Basrah Petroleum Company, which started 
shipment from the Zubair field in December 
1951, has undertaken to produce annually 
a minimum of 8,000,000 tons from the end 
of 1955. 

Late in 1952 the Mosul Petroleum Com. 
pany’s oilfield at Ain Zalah started exporting 
crude oil by means of a 134-mile, 12in pipe- 
line to K.2 pump station, where it joined the 
main pipe-line system from Kirkuk to Banias, 

The development plan for Iraq, financed 
by revenue from oil, places emphasis on 
agriculture and on irrigation and flood con- 
trol, which should provide enough water to 
extend the cultivated area under irrigation 
from about 11,000,000 donums (one donum 
equals 0-62 of an acre) at present to approxi- 
mately 15,000,000. Other projects of the 
Development Board to be financed by oil 
revenues are concerned with the improve- 
ment of communications and transport, the 
prevention of disease by improved standards 
of sanitation and hygiene, community plan- 
ning, and an expanded educational service. 





The Wide Strip Mill 


RECENTLY, the Economic Commission for 
Europe produced a report entitled The European 
Steel Industry and the Wide Strip Mill. 
This report reviews European trends in the 
production and consumption of flat steel pro- 
ducts, and poses the question whether the large 
increases planned for the production of these 
products are proportionate to the probable 
demand. In view of the transformation in the 
pattern of world steel production resulting from 
the universal adoption of the continuous wide 
strip process, the British Iron and Steel Federa- 
tion* has made a survey of world developments 
in this field. It states that there are fifty-eight 
known wide strip mills, either in operation or 
definitely planned, throughout the world. 

The survey says that the evolution of the 
modern continuous rolling process dates back 
to 1861, when George Bedson, an English wire 
maker, designed the first continuous wire rod 
mill. It was not until the 1920s, however, that 
the continuous process was seriously considered 
in connection with the production of sheet steel. 
The U.S.A., with her larger marketing possi- 
bilities, was the first country to introduce the 
new process ; a continuous sheet mill was laid 
down in 1923 at Ashland, Kentucky, capable of 
producing sheets 36in wide and up to 30ft in 
length. Two years later, a similar mill was built 
at Butler, Pennsylvania, to roll strip in coils up 
to 48in wide. The success of the Butler mill, 
prototype of the modern continuous wide strip 
mill, led to the rapid building of other similar, 
but larger installations, until by 1939 the U.S.A. 
possessed twenty-eight mills, some of which 
were capable of producing strip up to 100in 
wide. The U.S.A. now possesses as many as 
thirty-three out of the world total of fifty-five 
such mills actually in existence or definitely 
planned. In addition, the U.S.A. possesses three 
other continuous mills which are primarily 
used for rolling plates. 

In Europe, the United Kingdom has been in 
the forefront in the introduction of the con- 
tinuous wide strip mill, as also in the adoption 
of the associated processes, such as continuous 
cold reduction and electrolytic tinning. To-day, 
whilst Britain has three continuous hot strip 
mills in operation—of which the one at Margam 
is at present among the largest in the world— 
no other country except the U.S.A. possesses 
Flic Monthly Statistical Bulletin—British Iron and Steel Federa_ 
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more than two such mills. The United Kingdom 

operates a larger number of continuous 
cold reduction mills than any other country 
except the U.S.A. Moreover, apart from the 
United Kingdom’s three electrolytic tinning 
lines, there is only one other known to be 
operating in Europe at present—at Tilleur in 
Belgium—although France plans to install one 
at the Sollac Works, 

In pre-war days, Continental Europe possessed 
only one fully continuous wide strip mill—the 
s0in Dinslaken mill built by Demag in Germany 
on the American pattern—and one Steckel mill,t 
also in Germany. Since the war, however, 
practically every West European steel-making 
country in its reconstruction plans has laid 
emphasis on increasing its flat products output, 
sometimes even at the expense of heavy steel 
items, in an attempt to keep abreast of the chang- 
ing pattern of demand. As a result, two con- 
tinuous strip mills have already been installed 
in France, one semi-continuous mill in Belgium 
and a Steckel mill in Luxemburg, whilst Holland, 
Italy and Austria have each installed a semi- 
continuous mill. West Germany plans to replace 
her dismantled Dinslaken continuous mill and 
also to add a second Steckel mill, whilst Belgium 
hopes to have a second semi-continuous mill in 
operation by next year. Brazil, Canada and 
Japan each installed a wide strip mill during the 
war ; South Africa has had a mill in operation 
since 1950, whilst Australia’s important projects 
for increasing her sheet and tinplate output 
include the installation of a continuous wide 
strip mill. The U.S.S.R., as far as is definitely 
known, possesses two wide strip mills, one of 
which was obtained as war reparations from 
Germany. The Economic Commission for 
Europe’s report states that “ three continuous 
wide strip mills are known to exist in the Soviet 
Union ’—at Novomoskovsk, Zaporozhstal and 
Nizhne Tagil—but no independent evidence can 
be found to show that such a mill actually exists 
at Novomoskovsk. 

Apart from those already mentioned, no 
other country possesses a wide strip mill, although 
one was ordered by Czechoslovakia from the 
U.S.A. soon after the end of the war. With the 
development of the “cold war,” however, 
delivery of this mill was prohibited, as it was 
classified as ‘‘ strategic material,’ and the mill 
was last reported as still lying at a U.S. dockside. 
Various countries have been interested in buying 
it, including Germany and even Spain, but there 
have been a number of difficulties, including the 
question of ownership. Mention was also made 
in a 1949 report of “‘ the proposed installation 
of a continuous or semi-continuous strip mill 
in Poland.” Nothing has since been heard of 
this proposal, however, nor is it mentioned in 
the current Polish six-year plan. It would 
appear, therefore, that neither Russia nor her 
satellites have yet been able to build a mill of 
this kind, the prewar mill having been purchased 
in the U.S.A. 

It is apparent from this brief survey that the 
steel industries of Western Europe have taken 
steps to ensure a growing supply of high-quality 
sheet and tinplate. Indeed, European producing 
capacity for these thin flat products is expected 
to rise by some 9,000,000 tons between now and 
1956. One question posed by the E.C.E. report 
is whether it will be possible to keep all these 
expensive strip mills fully employed. The 
Commission has serious doubts on this score, 
though it specifically excludes the United 
Kingdom from this conclusion. On the Con- 
tinent, wide strip mills have been the major 
projects in steel industry development since the 
war. It is arguable that they have been installed 
at too fast a rate—partly because questions of 
national prestige have been involved—despite 
the attempts at international co-ordination. 
Some of the mills are not well sited for economical 
production, and it is doubtful whether in any 
European country outside the United Kingdom 
adequate steel-making facilities are being pro- 
vided to enable the mills to operate at capacity. 

Whether there will be a sufficient inducement 
to balance these development projects, and to 
attempt to operate the European mills at some- 
thing like the American rate, must depend in 





+t A -single-stand reversing mill, developed in the U.S.A. by 
Mr. A. P. Steckel, 1931-33, different versions¥of which may be 
used for the hot rolling or cold reduction of wide strip. 
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part on market prospects. The consuming 
industries—already considerably more developed 
in this country than on the Continent—will need 
to enlarge their capacity further if the demand 
for flat products is to show the hoped-for 
expansion. In this connection the Federa- 
tion’s survey comments, it is tempting to 
point to past experience in the U.S.A., where 
the development of the continuous strip mill was 
followed by a sharp fall in the relative prices of 
sheet and tinplate, and where demand conse- 
quently showed a phenomenal expansion. A 
relative cheapening of flat products, with a 
marked improvement in quality, may also be 
expected as the Continental strip mills come 
increasingly into production. But the fact remains 
that American incomes are far above the 
European level—creating a much bigger market 
for motor-cars and household appliances—and 
that the burden of taxation, relatively to incomes, 
was considerably lower during the years of 
expansion in the U.S.A. than it is in most 
European countries to-day. The Continental 
strip mills—like their American counterparts 
in earlier years—may therefore have to face a 
period of under-utilisation before the new 
capacity can be fully taken up. 





Mine Trolley Locomotive Installation 


THE National Coal Board has issued par- 
ticulars of the first underground trolley loco- 
motive installation to operate in a British coal 
mine which was put into service last month in 
the South tunnel at Sandhole Colliery, in Lanca- 
shire. It operates over a distance of about 14 
miles, where the average tunnel gradient is 
about | in 100 in favour of the load. A sub- 
station installed at approximately the mid-point 
is equipped with two 120kW_ mercury-arc 
rectifiers, one of which acts as a spare, together 
with the necessary transformers and switchgear. 
The incoming power supply is at 2000V, three- 
phase, 50 cycles, and the supply to the overhead 
trolley line at 250V direct current. 

In the tunnel the overhead line is carried on 
cross-span suspension wires and is divided into 
500-yard sections in accordance with the regula- 
tions. The return path is by means of 60 Ib per 
yard F.B. track rails, which are effectively con- 
nected with a special design of bond accom- 
modated behind the fishplates ; a short section 
of track has been continuously welded for test 
purposes. 

The two-axle locomotives used weigh a little 
over 8 tons each and are equipped with two axle- 
hung traction motors driving through single- 





8-Ton Mine Trolley Locomotive 
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reduction spur gears. One of these locomotives, 
each of which has a one-hour rating of 62 h.p., is 
illustrated below. Currrent collection is by means 
of a pantograph with a double collecting pan, 
and is stated to be very smooth. Contactor 
control has been provided and the auxiliary 
equipment of the locomotives includes a motor- 
driven blower for cooling the traction motors 
and an air compressor for the braking equipment. 

Straight and emergency air and hand brakes 
are fitted so that the locomotives can be used to 
haul air-braked, man-riding cars as well as 
unbraked trains of mineral. The locomotives 
are designed to haul trains of seventy tubs at 
speeds up to 12 m.p.h., and we are informed that 
the initial stages of operation have proved that 
they are more thar capable of this. 

Two inherent limitations in the design of the 
installation had to be accepted since any change 
would have necessitated such extensive alterations 
to the remainder of the colliery installation that 
they could not be contemplated. These limita- 
tions were the gauge, which is Ift 94in, and the 
rolling stock, which is made up of small tubs of 
less than | ton gross weight each. 

Particular care was taken to incorporate every 
reasonable safety device. The locomotives have 
the usual interlocking of driving and reversing 
handles which makes it almost impossible for 
them to be misused, a deadman’s device, a blower 
warning light, and no-volt and overload pro- 
tection. In addition, a special air-operated 
switch enables the driver in an emergency to 
cut off power immediately from the overhead 
line wherever he may be located in the system. 
As a further precaution, a safety trip wire is 
installed along the side of the road, and this wire, 
when operated, also cuts off power at the sub- 
station. An earth leakage wire is carried on the 
cross span wires so that leakage current from the 
overhead line operates a relay in the substation, 
cutting off the supply. Special warning lights 
and trip levers are installed at each end of the 
system so that if a locomotive is inadvertently 
driven too far, power is cut off and the brakes 
applied. 

The main contractor for the locomotives, 
substation equipment and switchgear was 
Metropolitan-Vickers Electrical Company, Ltd., 
Trafford Park, Manchester, with E. E. Baguley, 
Ltd., Burton-on-Trent, as sub-contractor for 
the construction of the mechanical parts of the 
locomotives. The main contractor for the 
overhead equipment and bonds was _ Liver- 
pool Electric Cables, Ltd., with Wiseman and 
Co., Ltd., Birmingham, acting as the main sub- 
contractor. Signalling equipment is to the 
design of MV-G.R.S., Ltd. 
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PARLIAMENT, PUBLIC AND 
NATIONALISED INDUSTRIES 


It is a remarkable commentary on some 
of the arguments that were put forward in 
favour of the nationalisation of certain 
industries that Parliament and public have 
become increasingly worried as to how to 
make these industries satisfactorily answerable 
to the State which “‘ owns ” them and how to 
ensure that they are efficiently run. Wisely, 
in nationalising the coal and gas industries, 
electricity generation and supply, transport, 
civil aviation, and cavles and wireless, to 
mention only industries with a high engineer- 
ing interest, the politicians were concerned 
to make the controlling bodies largely autono- 
mous and free from day-to-day interference 
by Ministers or Government departments. 
But nationalised industries are none the less 
monopolies merely because they have been 
set up by the State. Consumers of the goods or 
services supplied and the public at large have,in 
consequence, viewed the actions of Boards, 
Commissions, Corporations and Authorities 
with jealous eyes and have been quick to criti- 
cise. Nor, as was hoped when they were set up 
has it proved possible entirely to relieve the 
nationalised industries of political inter- 
terence. For, just because an industry is 
nationalised, any action such as the raising 
of the price of coal, or of transport, the 
closing of a railway branch line, failure 
rapidly to extend rural electrification, &c., 
is likely to lead to an agitation which 
politicians, whose eyes must always be upon 
the electorate, cannot afford wholly to dis- 
regard. That situation has been made all 
the more unfortunate in that the means by 
which criticism can be either made effective 
or be satisfactorily answered have proved 
defective. Parliament can dnd does debate 
the annual reports of nationalised industries. 
But no one who reads Hansard could pretend 
that those debates, which range over a very 
wide field and which often reveal only too 
repeatedly how little speakers know about 
their subject, can be very effective. Members 
of Parliament can ask questions of the Minis- 
ters concerned, thus obtaining some informa- 
tion, but only atsecond hand. Moreover, both 
in debate and under question, the Minister 
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is too often placed in the position of defending 
the industry concerned, instead of showing 
impartiality, so that party political dissent, 
which is usually out of place in the discussion 
of the work of a nationalised industry, is 
aroused. As for the public at large and 
consumers in general they often feel a sense 
of frustration in that they have to depend 
so much upon what information the indus- 
tries concerned choose to give them, rather 
than upon other information which they 
suspect, undoubtedly unjustly, is being 
deliberately concealed. 

Sensibly enough, the House of Commons, 
many members of which have begun to fear 
that the continuance of the existing situation 
might eventually lead to a “head-on” 
collision between its members and the con- 
trolling bodies of nationalised industries, 
recently set up a Select Committee to inquire 
into the matter. It emerged, when that Com- 
mittee examined witnesses, that some of the 
nationalised industries feel as much frustrated 
by their difficulty in answering criticisms 
effectively as members of the House by their 
difficulty in getting information. Lord 
Hurcomb remarked, for example, ‘“ One 
of the very greatest handicaps under which 
anyone in my position suffers is that he gets 
no opportunity of stating his own case or of 
explaining what are his difficulties direct to 
Members of Parliament.” It certainly is true, 
despite the efforts of the technical press to 
illuminate the real situation, that much 
criticism of nationalised bodies fails to take 
into account the conditions under which the 
industries have to operate. Much public 
criticism of the Railway Executive, for 
example, fails to take into account that the 
rate of capital expenditure of that body is 
limited ; and sometimes, as when the 
Executive closes down an uneconomic branch 
line local public comment flies directly in 
the face of other criticisms of the supposed 
extravagance of the Executive. It is obvious 
from the recommendations of the Select 
Committee that it was impressed by 
much that Lord Hurcomb had to say. His 
view was that there should be a committee or 
committees of the House, which would act 
as a liaison between nationalised industries 
and Parliament ; and that those committees 
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Should be, in relation to the industries, Jess 
critical than interrogative and, in relation to 
Parliament, less critical than informative ang 
directive in pointing out what matters might 
profitably be discussed. It is just such a com. 
mittee that the report recommends sho uld be 
created, remarking that it should “ set upa 
tradition of conduct which will result in jts 
being regarded by the Board, not as an e — 
or a critic, but as a confidant, and a pro. 
tection against irresponsible pressu:e eC, as 
well as a guardian of the public interest» 
But mere liaison between the House and the 
nationalised industries cannot dispel the 
uneasiness felt as strongly outside the House 
as within it as to whether the nationaliseg 
industries are being efficiently run. On cop. 
sidering that point the Select Comittee 
found itself at once in difficulties. They were 
well expressed by its Chairman, Mr. 
Assheton, when examining Lord Reith, 
“We feel that the independence we haye 
given to those nationalised industries , , . 
should be as far as possible . . . upheld, and 
yet we feel that our duty to the public and 
our constituents demands that we should 
satisfy ourselves that those industries are 
being managed efficiently.” But no really 
firm decision upon any line of action whereby 
the financial affairs of the industries would 
be closely examined or controlled through 
the Committee of Public Accounts or by an 
extension of the work of auditors or in any 
other way was found to be free from the 
major objection that Boards would always 
be “ looking over their shoulders ” at those 
who were examining their accounts and 
tending therefore to play safe rather than 
make bold decisions. The best the Select 
Committee could do was to recommend that 
any committee set up should have attached to 
it a permanent official, together with some 
staff, who would be able to “‘ examine the 
reports and accounts of the Nationalised 
Industries in order to direct the Committee’s 
attention to matters requiring examination.” 


‘To have gone any further, in our view—and 


presumably that of the Committee, too— 
would have been to render nugatory any hope 
that Boards would regard the committee as a 
“* confidant ” rather than a hostile critic. 
Moreover, would any purpose really be 
served by any more complete examination 
of the financial affairs of the various Boards 
than that contemplated by the Select Com- 
mittee? Is there any real value even in the 
limited examination proposed ? Detailed 
examination of the finances of a Government 
Department, such as that carried out by 
the Public Accourits Committee, is effective 
because the Department is carrying out 
policies decided by Parliament and 
spending money assigned to those policies. 
But the Boards of nationalised industries 
decide themselves upon policies and the 
efficiencies of those industries are largely 
ruled by the policies adopted. Nobody, 
except the members of the Boards them- 
selves, can expect to have the detailed know- 
ledge upon which such decisions are founded. 
Hence it follows that efficiency can only be 
satisfactorily sought through the appoint- 
ment to the Boards of men of high attain- 
ments unlikely to allow slackness to prevail; 
and, through the constant expression of 
public opinion, better informed, we hope, 
than at present, about the policies and 
actions of the Boards. The latter purpose 
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might well be partly served by the work of 
wich a committee of the House of Commons 
4s that recommended in the Select Com- 
mittee’s report. For-the rest consumers of 
the goods and services provided by national- 
ised industries have shown a strong tendency 
energetically to resist any increase in prices 
or reduction of services. Indeed, there are 
those who hold the view—Mr. Noel-Baker 
appears to be among them—that this public 
reaction, might become so strong as to be 
a danger in itself; that, in short, Boards 
would rather run annual deficits than 
face the unpopularity of raising prices or 
reducing services. Certainly that tendency 
must provide a strong incentive to Boards 
not to raise prices and charges if, through 
making economies, they can avoid it. 


FLEET AIR ARM FIGHTER SHORTAGE 


Members of Parliament have repeatedly 
drawn attention to deficiencies in the Fleet 
Air Arm. But until a few days ago there was 
little evidence of a new emphasis and a 
higher priority being given to the supply of 
naval aircraft. In particular there is a short- 
age of modern naval fighters. With the 
super priority which has been given to the 
naval anti-submarine aircraft ‘‘ Fairey 
Gannet’’ and the supplies of the long- 
range “ P.2-V” now coming to the R.A.F. 
from America, both the Royal Navy and 
Coastal Command should have first-rate 
anti-submarine aircraft by the time the 
rearmament programme is completed. To 
these must be added the helicopter, which 
both the Royal Navy and the United States 
Navy are developing as short-range anti- 
submarine patrols. The small radar target 
offered by the snort diminishes considerably 
the value of standard airborne search radar, 
and a combination of helicopter and sono- 
buoy is thus likely to be of particular value. 
Under the new arrangements announced by 
the Minister of Supply and the First Lord of 
the Admiralty last week, to which reference 
is made on another page, there now seems 
to be an improved likelihood of the Navy 
having a modern swept-wing day interceptor 
fighter in the foreseeable future. 

So long as this country is dependent on the 
sea routes for supplies of food and raw 
material merchant ships must be protected, 
not only from submarine and mine, but also 
from attacks from the air. Indeed, the whole 
of the elaborately built-up North Atlantic 
Treaty Organisation would be of no avail 
if merchant ships were unable, with reason- 
able safety, to make passages across the 
Atlantic sea routes and approaches to 
Western Europe. Russia has no carriers, 
but she has a large force of long-range twin- 
jet bombers which could be used against 
shipping, either in direct attack or by 
“homing” submarines on to a convoy, 
far out into the Atlantic. Shore-based 
fighters cannot possibly provide cover for 
more than a limited distance ; the only 
answer is the provision of fast modern jet 
fighters operating from carriers, and they 
are not available. As was evident from the 
Coronation naval review, the vast majority 
of the Fleet Air Arm fighters are piston 
engine machines, and it is only now that 
squadrons of Hawker ‘Sea Hawks” are 
beginning to be formed. The “ Sea Hawk,” 
a single-seater straight-wing interceptor 
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turbo-jet, will have to remain the Navy’s 
standard day interceptor fighter for a con- 
siderable period. But it is not a modern 
aircraft and is unlikely to be able to overhaul 
the long-range twin-jet bombers, which, it 
may be anticipated, could be used for shadow- 
ing convoys. It has been officially announced 
that the development and preliminary pro- 
duction plans of a new naval twin-jet swept- 
wing fighter are proceeding satisfactorily. 
This all-weather fighter will, however, be a 
large machine carrying a good deal of 
equipment and cannot be a substitute for a 
day interceptor with the highest possible 
performance. Modern naval interceptor 
fighters are not only essential for the defence 
of the sea routes. Without them the Royal 
Navy cannot carry out its role of providing 
air support against hostile aircraft during 
a combined operation, pending the estab- 
lishment of airfields for land-based air- 
craft. During the Korean campaign United 
States carriers have been operating straight- 
wing jet fighters, and though they have 
shot down a number of Chinese piloted 
‘“* MIGs,” experience has shown that these 
machines are incapable of sustained opera- 
tions against the much faster Russian swept- 
wing aircraft. Naval versions of the North 
American “ F.86 Sabre ”’—the “ FJ.2” and 
“ FJ.3’—are now, however, in production 
for the United States Navy and, with the 
present rate of naval aircraft production of 
about 2400 annually U.S. carriers should all 
be equipped with the new fighters during this 
year. Evidence of the preparations which 
the U.S. Navy is making for offensive opera- 
tions under all conditions is, indeed, clearly 
shown in the development of waterborne 
naval aircraft. Visualising conditions when 
aircraft will require to land on water, ice or 
snow, that Navy has accepted into service 
the ‘‘Convair’’ delta seaplane equipped 
with hydro-skis, with a speed approximating 
to that of modern land-based fighters. The 
same company has also produced a long-range 
water-based transport aircraft with the turbo- 
prop “ R.3.Y,” while the Glen Martin Com- 
pany is building a high-speed jet minelaying 
seaplane. 

Lord Pakenham, a former First Lord 
under the Labour Government, has fre- 
quently criticised the arrangements for the 
supply of naval aircraft, under which a 
Rear-Admiral, acting as Chief Naval Repre- 
sentative at the Ministry of Supply, worked 
under a more senior R.A.F. officer in control 
of aircraft supplies. According to the 
announcement by the Ministry of Supply, 
to which we refer above, the post of Chief 
Naval Representative has now been abolished 
and replaced by the new executive post of 
Deputy Controller of Supplies (Air). The 
officer holding this post will still come under 
the Controller of Supplies (Air), but he will 
be directly responsible to the Board of 
Admiralty for research in relation to naval 
aircraft and for their design, development 
and production. The Air, Warfare Division 
of the Admiralty, which is primarily 
responsible for the drawing up of require- 
ments for naval aircraft and air equipment, 
has also been considerably increased in size. 
These are welcome improvements and should 
do much to increase the efficiency in the 
procedure for ordering and producing air- 
craft. In particular, the new post of Deputy 
Controller, with the attendance, when 
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necessary, of the Contréller of Supplies (Air) 
at meetings of the Board of Admiralty, will 
greatly strengthen the link between the 
Admiralty and the Ministry of Supply and 
should give officers of the Fleet Air Arm 
more influence over the course of aircraft 
development. Rear-Admiral Caspar John, 
who has been appointed to the new post and 
has been serving as Chief Naval Representa- 
tive, is an officer with many years’ experience 
of the Fleet Air Arm. 





Letters to the Editor 


We do not hold ourselves resy ible for the opini 
correspondents ) 


SCIENCE AND PRODUCTIVITY 


Sir,—The leading article in your July 31st issue, 
following the Parliamentary discussion on the 
above subject, has prompted me to consider the 
practical means by which new technologies can 
be introduced to British industry, and par- 
ticularly the small and medium-sized firms which 
form the backbone. 

As I see it, science and technology have to be 
applied to : 

The creation of new basic designs and con- 
cepts, the revision of existing designs, utilisation 
of new materials. 

The development of the special technological 
processes of manufacture, i.e. special-purpose 
plant and equipment, process plant, &c. 

The detailed production planning and practical 
organisation of production and all that goes 
under management and administration. 

All this has been long appreciated and much 
has already been done to make available techni- 
cal information and “ know-how,” e.g. the setting 
up of trade or Government-sponsored research 
organisations, arranging for teams to visit other 
countries, while the Institution of Production 
Engineers provides a focus for the more practical 
aspects of production and management. Finally, 
there are the well-established firms of industrial 
consultants, and more recently firms of design 
consultants. 

The large firm is better able to make full use 
of all these facilities, i.e. it can afford the services 
of consultants or can set aside staff to keep 
abreast of developments, and very often runs its 
own research department, &c. The small firm, 
however, is not so well placed to absorb and 
benefit by these facilities. The managements of 
small firms are busy individuals, beset with the 
day-to-day problems of management, and have 
neither the time nor energy to study and introduce 
new techniques and processes. 

The problem is, therefore, not only of making 
known to small firms the latest techniques and 
processes in a practical form, but what is more 
important demonstrating how the techniques 
can be applied to their own problems in their 
own works. The problem of implementation of 
new designs, manufacturing techniques or 
management reorganisation is not one of reading 
reports or textbooks. The new techniques have 
to be tailor made for each individual firm, making 
use of existing premises, plant and labour ; this 
requires ‘‘ know-how ” experience and time. ° 

I have given some thought as to how the imple- 
mentation of techniques and processes can be 
achieved in the case of small firms. All that I 
can suggest is the formation of a Government- 
sponsored “ Industrial Advisory Service.” This 
would be organised on a regional basis, and 
staffed not with Civil Servants, but specialists 
drawn from representative branches of industry. 
Each regional advisory bureau would cater for 
the requirements of the district, i.e. heavy engin- 
eering, machine tools, &c., and would also cover 
aspects of general management, costing and 
bonus incentive schemes, &c. 

Thus a firm considering the installation of a 
costing scheme could apply to the bureau, which 
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would send a costing “specialist. This adviser 
would spend five to six days, examining the 
particular problem, and then advise and draft 
out the essentials of a suitable scheme, leaving 
the firm to carry out the details. The vital service 
that such a bureau could render firms is that from 
its vast store of information and experience it 
could provide quickly and in practical form just 
the type of help they require to get them started 
on a suitable basis. 

This idea is not new or untried. Around 1945 
the Ministry of Aircraft Production ran a 
“Production Advisory Service” for assisting 
firms in increasing efficiency. To my knowledge 
their service considerably helped one firm, par- 
ticularly a stores organisation. For some reason, 
possibly political, the service was disbanded. A 
parallel example is the ‘“‘ Combustion Efficiency 
Service” at present run by a Government 
Department. However, the problem remains. 
Whether this “ Advisory Service” is the best 
solution is another matter. 

DONALD SCAMMELL, A.M.I.Mech.E. 

Banstead, 

August 13th. 


MOMENTS OF AREA OF IRREGULAR 
PLANE FIGURES 

Str,—I found Dr. Edmunds’s article on the 

“* Determination of Moments of Area of Irregular 


Plane Figures” (page 213 of your issue of” 


August 14, 1953) most interesting and useful. 
In the opening paragraph he says that so far as 
is known no description of the method has pre- 
viously been published, although the method 
itself is in common use. You published on page 
559 of your issue of December 20, 1946, an 
article which I wrote entitled “‘ Stressing of Gas 
Turbine Blading.” This contained a_ short 
description of the method, which has been 
developed by Dr. Edwards, as applied to the 
determination of the second moment of area of 
blade sections. To the best of my knowledge 
I originated the method in 1942, and as pointed 
out by Dr. Edwards it is now in widespread use 
at least in this country and the United States. 

I have never seen any other published reference 
to any similar method, before or since, except 
in an abstract from a German wartime paper in 
about 1943 or 1944, which appeared to apply 
somewhat similar principles to the determination 
of polar moments. 

J. Hopce, 
Senior Consultant, 
Power Jets (Research and 
Development), Ltd. 
Farnborough, Hants, 
August 14th. 


SOME NOTES ON PLANE FRAMES NOT 
OBEYING HOOKE’S LAW 


Sir,—It seems that my comments upon Mr. 
King’s article have failed in their objective to 
produce a constructive discussion of general 
principles. Mr. King’s letter, however, compels 
me to comment further in the following 
paragraphs. 

Mr. King asserts, in item 1 of his letter, that 
he did not make use of Castigliano’s theorems. I 
contend, however (as I did before), that he sought 
to justify the general equation A= <3.dP/0W 
on the basis of Castigliano’s First Theorem. 
That my contention is correct can be seen by 
referring to his article, where, towards the foot 
of column 1 on page 4, he states : 

“It is unfortunate that a preoccupation with 
mathematics has tended to cloud the real sig- 
nificance of what is usually known as Casti- 
gliano’s First Theorem. This usually states that 
the differential of the strain energy of a system 
with respect to an external load W gives the 
deflection of the loaded point. One of the easiest 
proofs of this first theorem connects the deflection 
A to the extension of the individual members, 
as A= 28.dP/aW....” Itis, perhaps, significant 
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that a certain vagueness is introduced by the use 
of the word “* usually.” 

Contrary to my original impression it seems, 
from items 2 and 3 of his letter, that Mr. King 
proposes the numerical tabular method as a 
means of analysing non-linear internally 
redundant frames. Example 3 in his article 
deals with two external redundancies ; may I 
ask Mr. King to demonstrate the general useful- 
ness of his method by analysing a more practical 
system with, say, half a dozen internal redun- 
dancies in addition ? It will be interesting to see 
whether he has any means of reducing the labour 
necessary for the solution of the simultaneous 
equations for the successive corrections to the 
guessed values of the redundancies. 

Mr. King’s reference to complementary energy 
in item 4 of his letter leads me to suggest that he 
refers to the recent book Advanced Mechanics of 
Materials, by Professors Seely and Smith (John 
Wiley, 1952), which contains an _ excellent 
elementary account of these general principles. 

T. M. CHARLTON 

Stocksfield, 

Northumberland, 
August 14th. 


ROAD SAFETY 


Sir,—In your issue of August 7th are repro- 
duced in part the Guild’s proposals regarding the 
investigation of road accidents. 

Your leading article in the same issue, com- 
menting on these proposals, suggests that, if the 
Guild’s scheme were put into practice, the facts 
disclosed would reveal little more than is already 
known to the responsible authorities. This belief 
is contested by the Guild on the grounds that 
although the responsible authorities may know 
where their black spots are, it does not follow 
that they are really aware of what makes them 
* black.” 

The essence of the Guild’s submission is that 
official statistics as currently compiled overlook 
vital technical factors whitch require expert 
diagnosis by the professional engineer for their 
elucidation. No doubt some individual engineers 
are already in possession of the technical root 
causes of many black spots, but there is as yet no 
comprehensive collation of such data, nor is there 
any nationally acknowledged method for probing 
the circumstances of each major accident in 
search of basic technical defects. ° 

J. H. W. TURNER, 
Honorary Secretary 
Engineers’ Guild, 
78, Buckingham Gate, 
London, S.W.1, 
August 12th. 





The London - New Zealand Air Race 


On Thursday, October 8th, the world’s longest 
air race, to New Zealand, will begin at London 
Airport. The first aircraft is scheduled to take 
off at 4.30 p.m., G.M.T. The race is organised 
jointly by the Royal Aero Club and the Canter- 
bury International Air Race Council, with the 
co-operation of the Ministry of Civil Aviation. 

The race is divided into two sections—a speed 
section and a transport handicap section—flown 
concurrently. There are no official control 
points on the route in either of the sections of 
the race. All stops count against the elapsed 
flying time and competitors may choose their 
own route between London and Christchurch, 
provided they have their race log book officially 
stamped by the appropriate aerodrome authority 
at any refuelling stop they select between longi- 
tudes 30 deg. East and 120 deg. East along the 
route. To complete the race within twenty-four 
hours a competitor would have to average a 
speed of 500 m.p.h., including all stops. Prizes, 
provided by the Canterbury International Air 
Race Council, total £29,000, and consist of 
£10,000 (first), £3000 (second), £1000 (third) and 
£500 (fourth) in each section. In addition, the 
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Harewood Gold Cup will be awarded to the 
winner of the Speed Section. 

Speed Section Competitors will take off at 
short intervals from London Airport. The 
only adjustments in timing that will have to be 
made at the finish are the few minutes between 
the start from London Airport of the first and 
last aeroplane in the section. As the distance 
between London and Christchurch is approxi. 
mately 12,000 miles, it is expected the order of 
the finish will be the final result of the race. To 
qualify, competitors must complete the course 
within 168 hours. 

Transport Handicap Section.—No attempt has 
been made to produce a dead heat between all 
the competitors in the transport handicap section, 
The formula for the handicap aims to produce an 
efficient transport aircraft suitable for operation 
between England and New Zealand. It gives 
credit for low over-all cost per ton-mile of payload 
carried. The fact that the route involves a seq 
crossing of some 1300 miles means that, when 
suitable reserves are taken into consideration, 
the aircraft must be of moderately large size if 
it is to achieve the stage length with a good 
commercial load. Competitors in the section 
will take off at short intervals from London Air- 
port and their handicaps will be adjusted on 
arrival at Christchurch, so the order of finish 
may have little to do with the final results of 
this section. 

This race is not a handicap as is usually under- 
stood in racing, but a trial based on a formula 
with the object of rewarding commercial efficiency 
over a long haul route of this nature. A com- 
petitor in the speed section would have little 
chance in the transport handicap section and 
vice versa. Therefore, there are no competitors 
entered in both sections. 

Entries.—In the speed section there are ten 
entries, of which seven are jet-propelled aircraft. 
The R.A.F. has entered three 600 m.p.h. English 
Electric ** Canberra” twin-jet monoplanes and 
one Vickers-Armstrongs “ Valiant’ four-jet 
bomber, both of which types are in super-priority 
production. The R.A.A.F. entry consists of 
two Australian-built “‘ Canberras.”” The remain- 
ing jet is a North American “ B-45 Tornado ” 
jet bomber, capable of over 550 m.p.h., to be 
flown by Major H. [. Hill. Two Australian 
** Mosquitos ’’ and one Australian “* Mustang ” 
piston-engined aeroplanes complete the entries 
for the speed section. 

There are six entries in the transport handicap 
section. Great Britain will be represented by a 
Vickers-Armstrongs ‘‘ Viscount 700°’ of British 
European Airways, the only airscrew-turbine 
aircraft entered, which will be piloted by Captain 
‘“* Bill” Baillie, Chief Flight Captain of the 
Corporation. A Handley Page ‘“ Hastings ” 
four-engined transport has been entered by the 
R.N.Z.A.F., and will be piloted by W/Cdr. R. F. 
Watson. The only aircraft carrying a full 
complement of fare-paying passengers will be 
the Douglas ‘“‘DC-6A,” entered by K.L.M. 
Royal Dutch Airlines. The captain and first 
pilot are Captain H. A. A. Kooper and Mr. J. F. 
Griffith. An unusual entry. is the Custer Channel 
Wing Corporation’s twin-engined ‘* CCW-5 
Executive > monoplane, which has the wing 
extended under the engines in semi-circular form. 
The remaining two entries in this section are an 
American Lockheed 18-56 and a Douglas 
DC3C ‘“ Dakota,” entered by Mrs. G. J. 
McKenzie, of Melbourne, Australia. 

The pilot in charge of each aircraft in the 
transport handicap section must report with his 
aircraft to the clerk of the course at London 
Airport not later than Friday, October 2nd, and 
those in the speed section not later than Sunday, 
October 4th, for verification by the race officials. 

Thursday has been chosen for the day of the 
start so that the aircraft in the speed section may 
arrive at Christchurch, New Zealand, on Satur- 
day, October 10th, and the time (4.30 p.m.) of 
the start has been chosen so that the fastest 
aircraft may take off before dark and land in 
daylight at Christchurch. Sunset at London 
Airport is at 5.25 p.m. G.M.T. on October 8th, 
and sunrise at Christchurch on October 10th is at 
5.20 a.m., L.M.T. New Zealand time is twelve 
hours ahead of Greenwich. Competing aircraft 
in both sections will be started at short intervals, 
and it is estimated that the start will take forty- 
five minutes, i.e. 4.30 p.m. to 5.15 p.m. 









A 


ee ge ee ee 











THE ENGINEER 


Fifty Years of Undercarriage 
Development 


No. I 


This article.reviews the evolution of the aircraft undercarriage from the skids used 
by the Wright Brothers fifty years ago to the multiple-wheel installations of 


to-day. 


The first part traces the more distinguishable phases of that development 


which preceded the general application of the fixed and retractable oleo-pneumatic 


leg installations in the 1930s. 


HILST the evolution of aircraft depends 

primarily upon the more urgent prob- 
lems of lift and thrust, there has been, and 
there continues to be, that purely structural 
problem of supporting the aircraft during 
its transition on to and off the ground. The 
undercarriage has not only to withstand 
severe dynamic loads, but it is furthermore 
basically a sliding telescopic leg which must 
be wholly retractable thereafter to lie uselessly 
in the wing. It is because of this latter con- 
sideration that the weight factor is so seriously 
involved in larger aircraft and gives rise to 
most of the engineering problems in its 
design and manufacture. For in any aircraft 
component which is itself parasitic, there is 
even less justification for superfluous or 
uneconomically stressed metal, notwithstand- 
ing that the stress distribution occurring in 
an undercarriage can be highly complex 
and its collapse, should that occur under the 
worst loading conditions, i.e. when landing, 
could be as fatal as structural failure in 
the air. 

This year marks the fiftieth anniversary of 
the first successful demonstration of powered 
flight in an aircraft and in keeping pace with 
the swift and astonishing advances in design 
and application of such craft, the under- 
carriage itself has undergone a_ remark- 
able metamorphosis. It would be invidious 
to single out any major component of an 
aircraft to illustrate the ingenuity and inven- 
tion which have been exercised on its many 
parts to achieve this evolution. Suffice it 


to say that the undercarriage has been no 
exception and though its development has 
been the least heralded it has by no means 
been the least harassed by the course of 
It has been required to sustain 


events. 


ever greater static loads, which were once 
less than 500 1b on each leg, and are now 
reaching to over 150,000 Ib, and whilst also 
it is expected to withstand drag loads and 
side loads almost equal to the vertical load, 
it has been developed to damp dynamic 
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best of the crude, undamped and non- 
retractable vee structures common to most 
aircraft in the 1914-18 period. 

A modern undercarriage is primarily a 
retractable sprung-wheeled chassis present- 
ing a minimum rolling resistance during 
take-off and yet able to contribute largely 
to the means of arresting motion on landing. 
In functioning as a shock absorber it is called 
upon to reduce to zero a vertical velocity of 
descent such that the reaction/displacement 
curve exhibits a displacement many times 
greater and hence a reaction many times less 
than would occur with an unsprung structure. 
The weight and size of the unit are largely 
determined by the maximum reaction which 
can be permitted in the airframe during the 
worst conditions compatible with reasonable 
landing hazards, and it is desirable that all 
energy exceeding that required to ensure an 


Fig. 2—Bleriot-Gouin ‘‘ Vision Totale”’ Aircraft 


impact loads of as high as three to five times 
the static load in a single closure and exten- 
sion cycle. Yet in spite of these onerous 
duties, its weight as a percentage of the all-up 
weight of the aircraft is often little greater— 
and is now quite often less than—4 per cent, 
a figure which was obtained only with the 

































Fig. 1—A Wright Biplane 


adequate rebound velocity should be dis- 
sipated as heat during closure, and that the 
remaining energy be fully expended during 
the recovery without the aircraft again leaving 
the ground. In satisfying these requirements, 
its response to the vertical accelerations 
incurred during taxi-ing which may them- 
selves exceed 1-5g must also be considered. 

It is possible to induce an aircraft on to 
the ground by way of a transition curve such 
that the vertical velocity on contact is almost 
zero, and the shock-absorbing details of the 
machine need not function. Such a landing 
is often intended, but even in stable air it 
can rarely be achieved, particularly if an 
attempt is made to reduce the forward 
velocity, and, hence, the landing run, to a 
minimum. On the other hand, whether 
misjudged through reasons of fog, gusts or 
cross wind, or baulked by other contingencies, 
the aircraft may well fly into or fall upon the 
ground with such vertical or drift velocities 
that the rolling properties of the under- 
carriage need not function ! 

Fortunately, it is revealed by statistics that 
vertical velocities exceeding 10ft per second are 
rare, and fairly recent investigations have 
shown that values in the region of 2ft per 
second can be regularly achieved. Con- 
sequently, in this country, civil aircraft 
undercarriage design is based upon a vertical 
velocity of 11ft per second, and military aircraft 
12ft per second, and, to compensate for deck 
movement in naval aircraft operations, there 
is now a tendency to observe a figure of 16ft 
per second. 

The total energy absorbed—given by 
W/2g.V*, where W is the weight carried by 
each leg, and V the vertical velocity—is 
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Fig. 3—The Maurice Farman S.11 ‘‘ Shorthorn ’’ 


represented by the area under the ground 
reaction ‘displacement curve. Hence, ideally 
with a constant reaction P the energy 
absorbed would be P times the maximum 
displacement -8. With an entirely elastic 
structure, the energy absorbed would be 
given by P8/2. In an actual aircraft, the 
non-linear deflection of the tyre and of the 
shock-absorbing unit, being in series, are 
interdependent and must be considered 
separately. If the load displacement curve 
of the latter is plotted the ratio of the mean 
reaction to the maximum reaction is known as 
the efficiency of the unit. The use of steel 
springs consequently would yield an efficiency 
of 50 per cent, and rubber about 47 per cent, 
but apart from hysteresis losses, neither of 
these media, nor the pneumatic tyre, can 
provide for any damping. Modern shock- 
absorbing legs can yield efficiencies higher 
than 90 per cent, according to the nature of 
the damping orifices and the compression 
agents utilised. The maximum reaction is 
commonly expressed as a multiple of the 
aircraft weight so that P=W2:; hence, a 
is known as the reaction factor, and is 
restricted to 2-5 for large civil aircraft, with 
5 a practicable limit on any aircraft. 


EARLY UNDERCARRIAGE DEVELOPMENT 


With the above preliminary remarks on 
the general function of an undercarriage, 
it may be worth while in accounting for the 
first rudimentary forms the undercarriage 
assumed to consider some aspects of the 
first phase of aircraft development generally. 

Chassis design on the first heavier-than-air 
machines was very largely influenced and 
handicapped, as was the rest of the structure, 
by the primitive state of development, of 
what was still referred to as the “ explosion 
engine. The early experimenters were 
responsible, not only for the theory and con- 


struction of the airframe, but had initially 
the development of the internal combustion 
engine itself on their hands if they were to 
achieve a sufficiently low weight to power 
ratio for the jump from gliding to powered 
flight. Similarly, they had to evolve their 
own propellers and not least to devise a 
landing and take-off chassis, a task of which 
designers were later to be relieved. Not 
least amongst their responsibilities was the 
hazardous task of flying these machines, a 
task which they could not often delegate, and 
at a time when the parachute, though known, 
was not really practicable. 

Yet, in spite of their preoccupation with 
more fundamental issues, it can be noted 
below that systems which are common to-day, 
and others which suggest advantage because 
of the relatively recent swept-wing configura- 
tions, were conceived and tried even in the 
first fifteen years of aircraft development. 

Before the turn of the century there had 
been developed no prime mover weighing 
less than about 12 1b per horsepower. This 
figure related to the best of the automobile 
engines and had been reduced from about 
100 lb per horsepower during the closing 
years of the nineteenth century. The best 
aeronautical compound steam engines of 
Maxim, in 1894, working at 320 lb per square 
inch and developing 180 h.p., had in fact 
achieved a remarkable weight-to-horsepower 
ratio as low as 9 lb per horsepower, but this 
was without fuel and water considerations. 
In that year, two of these engines fitted in 
Maxim’s experimental aeroplane lifted the 
aircraft on bench tests and it was estimated 
that a lift of at least 10,000 Ib was developed. 
The horizontal in-line engine, which was 
developed by the Wright Brothers for their 
first four historic flights, each of a few seconds’ 
duration in 1903, developed 15 h.p. and had a 
power-weight ratio of 16 1b per horsepower. 





Fig. 4—Sopwith F.1 ‘‘ Camel ”’ 


Aug. 21, 1953 


Another aircraft, which unfortunately came 
to grief during its catapult launching durin 
the same year, the ** Langley Seaplane,” had 
an engine weighing only 3-6 1b per horse. 
power, which was claimed to be the firy 
water-cooled aeronautical radial engine 
This machine was not successfully flown with 
this engine however, until 1915, by Mr. G 
Curtiss. 

With thrusts of this order it can be appre. 
ciated why the Wright Brothers’ aircraft wa 
designed to take off on a launching rajj. 
and it landed on two skids which reached 
forward and upwards to the elevator plane 
With the 24 h.p. versions of the original 
engine in the 1906-08 versions, use was made 
of a launching carriage on which the machine 
was placed for take-off by a derrick, the 
carriage running on a monorail. A Wright 
machine of this period is illustrated in Fig, |, 

The first significant flight in Europe was 
made by Santos-Dumont in 1906, using an 
eight-cylinder “ Antoinette’ vee engine, 
which developed 50 h.p. and weighed only 
70 Ib. 

The undercarriage on that and most other 
aircraft which managed to fly up to 1909 
adapted bicycle fork and spoked wheel units, 
These wheels were grouped to provide either 
a nose or tail reaction, the former arrange. 
ment being the most common, and on most 
machines all wheels had a castoring action. 
Although the wheels have been tied by the 
axle in Fig. 2, that is an illustration of the 
sprung castoring leg, similar to that of the 
Bleriot patent of 1908. There were many 
variations of the castoring leg, one of which is 
depicted in connection with the patent relating 
to Mr. A. V. Roe’s triplane in 1909 as having 
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Fig. 5—Suspension Detail of Fokker ‘* D7” 


the outer ends of the radius links hinged and 
the upper trailing link made telescopic. At 
this period, the pilot, the engine and airframe 
represented approximately equal proportions 
of the all-up weight of the aircraft. 

Although engine development was pro- 
ceeding rapidly these aircraft—whilst able at 
least to take off unassisted—took off, never- 
theless, in a protracted, erratic and uncertain 
manner. Neither their take-off distance nor 
the duration of flight was always predictable, 
and thus the ability to negotiate ditches or 
other uncompromising terrain was funda- 
mental. For this reason, the castoring wheel 
was superseded by the development of a struc- 
ture which took the form of skids suspended by 
vee units from the wing, to each of which was 
lashed a short axle mounting a pair of wheels. 
This arrangement was first exemplified on the 
Henry Farman biplane of 1909, which 
mounted a 50 h.p. *‘ Gnome” engine, the 
first of the rotary engines, introduced in 
1908. Our illustration, Fig. 3, shows its adop- 
tion on a Maurice Farman § 11 ** Shorthorn.” 
This structure was adopted on such biplanes 
as those of the Short Brothers, and of A. V. 
Roe, the 1910 Wright aircraft, and many 
others. At about the same time the tail 
wheel began to give way to the tail skid and 
much higher tail reactions than hitherto 
became common. 

During the following five years the intro- 
duction of the rotary engine is said to have 
revolutionised the development of the flying 
machine, for it made available vastly more 
reliable engines of 50 h.p. to 80 h.p., which 
weighed less than 31b per horsepower. 
With them it was possible to urge aloft almost 
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Fig. 6—Breguet Biplane with Tricycle Gear 


any flying device, no matter how badly 
conceived, and thus greatly expedited the 
accumulation of flight experience. 

The more powerful rotaries which followed 
soon brought to an end this particularly 
ungainly phase in the evolution of the under- 
carriage. The need for the double skid was 
largely removed, and gave way first to the 
central skid, mainly to protect the propeller, 
and used in conjunction with a rigid axle 
mounted from the apices of triangulated 
structure. By 1914, the elimination of this 
skid was almost complete, and on the great 
majority of aircraft which followed during 
the war years, the rigid axle and vee structure 
were almost universally adopted. 

The vee undercarriage consisted of a tail 
skid and two tubular or faired vee structures 
placed chordwise on the wing, carrying within 
the apices a rigid axle on which the main 
wheels were freely mounted. Sometimes the 
axle was simply lashed within each vee apex 
by reinforced rubber cord (Fig. 4)*; others 
doasted of a hornblock mounting, with at 
least the principle of that shown in Fig. 5, 
and able by that arrangement to employ 
independent rubber rings, whilst in some 
smaller aircraft there appeared to be no 
provision for shock absorption other than 
that provided by the pneumatic tyre. 

The majority of military aircraft engaged 


* Half axles were used on most Sopwith aircraft which were 
hinged at the centre of a faired cross member. 


to any extent in the first world war were 
fitted with a single engine. During the first 
half of the war period they were aircraft 
of from 1000 Ib to 2000 Ib, all-up weight, 
nearly all having rotary engines exclusively 
of French design, such as the nine-cylinder 
“Gnome” models of 90h.p. and 100 h.p., 
the nine-cylinder ““Le Rhone” of 80 h.p., 
and the seven-cylinder 80 h.p.“‘Clerget’’ engine. 

They did well to achieve 100 m.p.h. low 
down. and being normally aspirated had 
very restricted ceilings. A more enviable 
characteristic was their landing speeds, which 
were as low as 38 m.p.h. and rarely exceeded 
50 m.p.h. 

By the middle of the war very significant 
advances had been made in the water-cooled, 
vertical, 90 deg. vee engines and air-cooled 
radials : the R.R. “ Falcon,” of 280 h.p., 
weighing 2-45 lb per horsepower ; the later 
“* Eagle,”’ 360 h.p., weighing 2-5 Ib per horse- 
power, and the Napier “ Lion,” 450 h.p., 
weighing 1:89lb per horsepower, were 
examples of some of the finest of their kind in 
the world. The radial engines included the 
A.B.C.“‘Dragonfly,” which developed 320 h.p 
for a weight of 1-88 Ib per horsepower. 
Consequent to this evolution, further develop- 
ment of the rotary engine ceased owing to 
its several dynamic and thermo-dynamic 
defects, its high windmilling losses, and heavy 
oil consumption. The first British-designed 
rotary production engines, however—the 
Bentley “‘Rotaries I” and “II” of 150 h.p. and 


Fig. 7—‘‘ F.E.2b”’ Pusher Aircraft with Oleo-Pneumatic Legs 
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200 h.p.—were used fairly extensively until 
the end of the war. 

Around these later engines were built a 
well-known family of heavier single-seat 
biplane fighter-scout aircraft weighing 
between 1500 lb and 2500 1b, fully loaded, 
and capable of speeds as high as 150 m.p.h. 
The heavier two-seat reconnaissance and 
bomber aircraft occupied the weight category 
stretching from 2500 Ib to 5000 Ib, and with 
one engine were content to cruise in the 
region approaching 100 m.p.h. Landing 
speeds were already reaching to 60 m.p.h., and 
beyond, though as yet a mild manifestation of 
the pernicious influence which increasing wing 
loading was later to wreak.on the handling 
characteristics of the monoplane. 

The great majority of aircraft having 
this weight and landing speed classification 
were still adequately served by the vee 
form of undercarriage. Yet notwithstanding 
the many common factors in their specifica- 
tions in so far as these affected the landing 
chassis, hardly two can be found identical, 
and those illustrated are at best only typical 
of a kind. Even to-day little success, it 
appears, has since attended the standardisa- 
tion of undercarriage installations. 

It is pertinent to note at this stage that 
these military installations had in general 
no brakes ; they were subject to relatively 
light dragloads, were unharassed by retraction 
requirements, and depended for their damp- 
ing purely on hysteresis losses in the tyre 
and rubber cord or rings ; yet their typical 
weight ratios were as much as twice those 
now being achieved with bogie installations 
on the 150,000 Ib aircraft of to-day. 


DAMPED SUSPENSIONS 


There had been some applications of oleo 
and oleo-pneumatic telescopic shock 
absorbers even before the 1914-18 war, and 
an oleo-pneumatic unit was patented by 
Esnault-Pelterie as early as 1908 (illustrated 
in Part II). Louis Breguet is generally credited 
with the application of the oleo-pneumatic 
leg, and some of his designs, at least as early 
as 1910, had this suspension. With this 
unit most of the Breguet aircraft—until about 





Fig. 8—Details of B.A.T. ‘‘ FK26”’ Suspension 


1915-16—were ‘fitted with undercarriages 
having a nose wheel or four-wheel tandem 
layout with the rear wheels just aft of the 
centre of gravity (Fig. 6). The Bristol 
** Biplane,” amongst other craft, then made 
by the Breguet Company during the first 
stages of the war, were also fitted with such 
an arrangement. In later wartime Breguet 
aircraft in the single-engined category, the 
use of these shock members was discontinued, 
and with them went the single or twin-nose 
wheel and main wheel system of suspension. 
In this country mention is made of oleo- 
pneumatic legs in connéction with a “ B.E.2” 
experimental aircraft in 1913 and developed 
at the Royal Aircraft Establishment? at 
Farnborough, the first of this series of aircraft 
having been designed and flown by Geoffrey 
de Havilland in 1912. To provide freedom 


+ Then known as the Royal Aircraft Factory and renamed in 
1918 in order to avoid confusion with the R.A.F. 
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Fig. 9—B.A.T. ‘‘ Bantam ”’ Biplane 


for telescopic leg action it was necessary to 
depart from the conventional vee arrange- 
ment. A common system was that of 
mounting a central longitudinal member 
from the apices of two transverse vees. 
Wishbone units carrying the wheels were 
hinged across this member, and the telescopic 
leg sloped inwards from the wheel to the 
wing root. 

A somewhat similar arrangement was used 
on the “‘ F.E.2b” shown in Fig. 7, a pusher 
aircraft, developed by the R.A.E., and on 
one mark of aircraft manufactured by Arm- 
strong Whitworth, Ltd., the “F.K.3.” In 
this latter aircraft the oleo-pneumatic unit 
was enclosed in the fuselage. As with others 
of its kind, the longitudinal hinge member 
served also as a skid or, alternatively, was 
fitted with an auxiliary nose wheel. A later 
arrangement by the same designer is illus- 
trated in Fig. 8, in connection with the under- 
carriage of the B.A.T. “‘ FK.26,” one of the 
first aircraft to be designed primarily for 
passenger transport. 

It illustrates the use of an oleo damper in 
conjunction with rubber rings deployed in 
tension which formed the principle of several 
aircraft developed at the end of the war. 
In another form of articulation there came 
the fully divided axle (though still retaining 
the rigid vee), and the use of the solid axle 
disappeared. Here, each wheel was mounted 
independently, the half axles bending 
upwards to hinge upon the fuselage, and act- 
ing as a lateral stay, the wheel hub invariably 
riding on rubber rings or springs in 
a hornblock in the vees. One of the best 
early examples of this development was that 
fitted to the B.A.T. “‘ Bantam,” although 
such aircraft as the torpedo carriers had 


earlier been forced to abandon the straight 
axle. 

A notable articulated landing gear in which 
the telescopic member was largely freed 
from all but axial loads was that fitted 
to the “ Siskin” aircraft (Fig. 10). Here, 
the beam axle was located at each end by 
radius rods hinged to the apex of the tri- 
angulated structure which were secured to 
the fuselage at the wing roots. The inclined 
oleo dampers were freely joined between the 
axle ends and the fuselage, the outer cylinder 
containing the oil being joined to the wheel 
axle, whilst the piston tube was joined to the 
fuselage. In the head of this tube were the 
orifices and a safety valve. The reaction was 
augmented by the use of rubber rings which 
were extended during closure. These were 
looped under initial tension upon two spools, 
one carried at the upper end of the external 
tube and the lower one carried by rigid 
structure, in this particular case the leg fair- 
ing. The pre-tension of the rings ensured 
that the full initial extension was available 
and was useful also when taxi-ing, as the 
dashpot was not able to sustain a static load. 

Twin-engined aircraft were not employed 
to any extent until after 1916, and their 
weights ranged from about 5000Ib to 
14,000 lb. Amongst the several machines 
developed by the end of the war were those 
employing the tandem axle layout with and 
without a static reaction on the tail skid. 
Generally, there was recognised the need to 
provide a more positively damped suspension 
with the reactions involved on these aircraft, 
and in most cases a single or double telescopic 
member was used under each engine, these 
being located by longitudinal and lateral 
hinged radius rods. 





Fig. 10—Armstrong Whitworth ‘‘ Siskin IIIA ”’ 
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The “ Bourges,” an aircraft developed 
Boulton and Paul, of Norwich, by the end 
of the war to play a role fulfilled by the 
“ Beaufighter” and “ Mosquito” in’ the 
recent war, had a divided undercarrig . 
(Fig. 11), employing a rudimentary oleo. 
pneumatic telescopic shock absorber workin 
in co-operation with rubber rings. Each 
axle was joined to the fuselage with the other 
end constrained to ride in a hornblock 
integral with the apex of the vee structure 
Secured to the top of the hornblock was the 
fixed outer cylinder of the oleo-pneumatic 
member, the piston being joined to the axle 
The rubber rings were looped over axle 
frames and passed under the vees. 

One of the first twin machines, however 
(4880 Ib a.u.w.), the Fairey “ F 2,” employed 
four wheels in tandem, the rear wheels being 
just aft of the centre of gravity, each of 
which was slung from two vees. On the 
much heavier twin-engine Handley Page 
bomber (Fig. 12), “0/400,” first used in 
1917, each main landing gear consisted of an 
assembly similar to that described on the 
A.W. “ F.K.3,” but with an additional vee 
unit disposed to take the drag loads. All 
four wheels were mounted on vertical tele- 
scopic oleo dampers. In the four-engined 
version of this aeroplane of 30,000 Ib a.u.w,, 
and then the largest British aircraft, having 
a wing span of 126ft, each main landing gear 
had a solid axle, the ends of which were 
carried by the forward members of the vees, 
which were telescopic dampers, the trailing 
members being hinged. The undercarriage 
fitted to the Vickers ‘‘ Vimy,”’ the successful 
long-distance bomber of up to 12,000]b 
a.u.w., also employed a pair of wheels 
beneath each engine. Here, each main unit 
retained the rigid axle slung by rubber cord. 

Generally speaking, very short undercarri- 
ages were possible with the multi-engined ma- 
chines, as the engines were suspended high 
between the wings with their propellers 





Fig. 11—‘* Bourges ’’ Main Leg 


well clear of the ground. This factor 
no doubt contributed to the fact that 
the undercarriage weight of the “ 0/400” 
amounted to only 5 per cent of the a.u.w., 
whereas in a number of important single- 
engined machines, it assumed percentages 
between 6 and 7 per cent. 

German undercarriage design towards the 
end of the war was also of the vee and rigid 
axle layout. Probably due to a bolder use 
of welded fabrication, these units seemed 
somewhat slimmer and lighter than some of 
their Allied counterparts, and had weight 
ratios lying between 4 and 5 per cent of the 
a.u.w. The percentage in the case of the 
Fokker ‘‘ D7,” one of the best German 
single-seat fighter, biplanes used in 1918, 
was 4:2 per cent, and the hornblock and 
rubber cord axle mounting of that aircraft 
(shown in Fig. 5) is typical of some German 
designs. In contrast to the designs of the 
lighter aircraft, that fitted to the four-engine 
huge “ Zeppelin ” was notoriously inelegant. 
Each leg mounted eight wheels about | yard 
diameter mounted at the ends of a “solid” 
axle nearly Sin square, which was slung by 
rubber cord from the apices of two 
longitudinal welded vees. 

A complete description of several con- 
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Fig. 12—Handley Page ‘‘ 0/400’? Bomber 


temporary undercarriages, together with the 
treatment of the theory and design of the 
“Siskin” suspension, is contained in a paper 
by J. D. North, now the managing director of 
Boulton and Paul, Ltd., which was published 
in 1920 and is probably the first paper on 
this subject. Tyre pressures at that time 
were quoted as being about 50 lb per square 
inch, ‘ moderately heavy” wing loadings 
as 8 lb per square inch and 2 at about 5. An 
analysis of the energy absorbed and dis- 
sipated in one cycle, for an aircraft having a 
vertical velocity of 12ft per second, and a 
total vertical kinetic energy of 201,200 Ib-in, 
equivalent to a free fall of 2-24ft, showed the 
energy was distributed as follows :— 

In the elastic 70,000 Ib-in, in the oleo 
64,000 Ib-in, in the tyres 57,600 Ilb-in. The 
energy in the oleo was completely dissipated, 
28,000 Ib-in was dissipated on the upstroke, 
and the total dissipation in the tyre was 
11,500 Ib-in. Thus, only 51 per cent of the 
energy was dissipated in the first cycle, the 
remaining energy giving rise to rebound of 
1-05ft. It can be deduced from the analysis 
that the combined efficiency of the damper 
and elastic was 60 per cent. The relief valve 
in the piston head was set to restrict the fluid 
pressure to 1350 Ib pet square inch, and was 
accordingly opened for most of the stroke of 
9-2in, giving a nearly constant reaction. 

A notable undercarriage at this time also 
was the Bristol “‘ Braemar” undercarriage, 
where coupled wheels in tandem were 
mounted on each side of the fuselage, the 
rear wheels being just aft of the centre of 
gravity. All wheel axles were joined inde- 
pendently to the fuselage by telescopic oleo 
legs, each with a stroke of 14in. The damping 
efficiency was found to improve by the deploy- 
ment of the rubber loops only over the last 
half of the stroke. 


(To be continued ) 
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Bulk Cement Handling 


THE handling of cement in bulk has for 
many years been the practice on large-scale 
constructional works, but more recently, the 
increasing costs of bagging and handling have 
resulted in greater attention being paid to the 
possibilities of some form of bulk handling on 
smaller jobs, where the quantities involved are 
comparatively small. Several methods of hand- 
ling the quantities needed, for instance, on the 
average civil engineering sites or the larger 
building contracts, have consequently been 
developed. 

The most recent example is a system introduced 
by F. Shepherd and Son, Ltd., Blue. Bridge 
Lane, York, which is shown in operation in the 
illustration below. 

Cement is brought to the site by the tanker 
shown on the left of the illustration. The two 
spherical containers are mounted on a “ Bed- 
ford ’’ chassis and they allow 7 tons of cement 
to be carried. They are constructed of welded 
aluminium alloy panels (Noral M.57.S) which 
are designed for a working stress of 40 lb per 
square inch. The two spheres are filled from 
manholes which can be seen at the top of each 
of them. The tanker carries a compressor, 
so that it is able to elevate the cement it delivers 
to a height of 40ft. The compressor incorporates 
an air cleaner which, the makers state, is of 
generous dimensions as it is important to keep 
the air clean and free from oil. 

The cement silo—which is known as a 
** Portasilo ’—has a capacity of 10 tons and can 
be manhandled into position by the concrete 
gang. Its overall height is 16ft 4in and its width 
6ft 5in and it is principally of laminated timber 
construction, the timber elements being manu- 
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factured using a radio-frequency heating process 
for the resin-bonding of the laminations. The 
circular base plate of the silo exerts a bearing 
pressure of approximately 9 cwt per square 
foot when the silo is full. There is a vertical 
‘* keel’? which stiffens the silo structure and 
serves as a base in the horizontal position when 
the silo is being manhandled. The keel also 
incorporates a built-in step-ladder, from which 
the cement Jevel can be checked from a combined 
access cover and ventilator at the top. 

There is a hose connection for filling the silo 
and a weigh-batching attachment for delivery of 
cement to the concrete mixer, which is shown in 
operation in the illustration. The cement 
hopper can deliver a weighed quantity of up to 
200 Ib of cement ; the silo valve opens when the 
hopper is pushed into position and closes auto- 
matically when the required weight has been 
delivered. The weigh-batching hopper and 
boom is of mild steel and ** Noral ” construction, 
and can be raised and locked against the sides 
of the silo for transport. 

The makers point out that the equipment 
described in this article was developed specifically 
for the 7/5 and 10/7 sizes of concrete mixers. 
They consider that the cost of delivery in the 
cement tanker (which was designed to qualify 
for the 30 m.p.h. speed limit) does not exceed the 
cost normally incurred by delivering bagged 
cement, and that under normal site conditions, 
a saving in cost of the order of 21s. per ton is 
practicable, it is claimed, on all cement delivered 
and used after the first ton each week. 





Radiographic Exposure Calculator 


A RADIOGRAPHIC exposure calculator has been 
developed by the British Steel Castings Research 
Association for use with the isotopes cobaltg, 
and iridium, ,, materials which are now 
commonly employed for industrial radiographic 
purposes in steel foundries and elsewhere. The 
calculator can also be used in conjunction with 
radium or radon, and scales are included which 
permit allowances to be made for the relatively 
rapid decay of radon and iridium sources. The 
calculator provides a rapid means of ascertaining 
radiographic exposure times, when using the 
artificially prepared radiographic sources in 
particular. 

The calculator, the prototype of which is 
illustrated on page 248, is in the form of a plastic 
pocket-size slide rule and consists essentially 
of two fixed scales and two sliding scales, the 
bottom one of which is locked in a position 
determined by the type of film in use and the 
film density required. This position is determined 
by setting the appropriate density index mark 
on the bottom fixed scale against a “‘ film factor ” 
on the bottom movable scale. In routine work 
this setting will not normally be disturbed, unless 
for any reason the type of film in use is changed, 


Cement Tanker and Silo in Use 
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so that the majority of exposure calculations will 
be carried out by appropriate setting of the 
upper movable scale only. This scale is reversible, 
the side employed being determined by the 
Its setting correlates the four 
variables, source strength, source to film distance, 
The setting 
of the rule may be adjusted to the film density 
requirement of the user, and includes scales for 


isotope in use. 


steel thickness and exposure time. 


calculation of radon and iridium decay as well 
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whilst the weight of the pivoted motor creates 
sufficient belt tension. The machine as shown 
is designed for bench mounting but a pedestal 
model is available. 

To sharpen the tools it is intended that they 
should be previously rough ground on a standard 
silicon carbide wheel to give a clearance angle 
2 deg. to 3 deg. greater than the primary rake 
angle required at the cutting edge. This rake 
angle is then obtained by laying the tool on the 



















Radiographic Exposure Calculator 


as one which gives the thickness of steel which, 
for the purpose of setting the rule, may be 
— when examining materials other than 
steel. 

Prototypes of this calculator have been sub- 
jected to practical trial in the laboratories of 
members of the B.S.C.R.A.’s Non-Destructive 
Testing Panel, and in the light of its observa- 
tions, production models of the calculator are 
to be appropriately modified. Assistance in the 
provision of experimental data was also given 
by members of the panel, and in particular by 
the Armament Research Establishment of the 
Ministry of Supply. The calculator is now in 
course of manufacture in sufficient quantity to 
render it available outside the membership of 
the Association, and inquiries should be addressed 
to the British Steel Castings Research Associa- 
tion, Broomgrove Lodge, Broomgrove Road, 
Sheffield, 10. 





A Carbide Tool Finishing Machine 


A BAND machine for lapping and finishing 
carbide tools which is now being made in this 
country by the R.J.H. Tool and Equipment Com- 
pany, Ltd., Artillery Street, Heckmondwike, is 
claimed to impart a finish equal to that of a 
diamond impregnated wheel. 

The new machine, illustrated below, consists 
of a_ fabricated steel body within which is 
housed a 4 h.p. driving motor. A 54in by 
4in wide silicon carbide paper band passes 
over a 13in diameter cast iron contact wheel 
and is driven direct from the motor pulley below. 
A worktable fitted with protractor guide is 
adjustable at the appropriate incline to obviate 
excessive gap between the table and the contact 
wheel, whilst a graduated scale alongside gives 
20 deg. positive or 5 deg. negative rake 
angle setting. Band tracking is controlled by 
a cam lever at the left-hand side of the machine, 





Carbide Tool Band Finishing Machine 





gravity flow canals eman- 
ating from Rufus Woods 


created by the dam. The 


worktable and adjusting the height until the 
top of the cutting edge is level with the correct 
marking on the scale. The primary relief land, 
which is usually about xin to yin, can then 
be quickly imparted by a few passes across the 
fine grit band. 

The length of the finishing band used is such 
that heat generation is reduced to a minimum 
and cracking of the carbide tool tips is avoided. 





Irrigation Development in the 
Columbia River Basin 


Tue Columbia River Basin States are now re- 
viewing the Foster Creek irrigation develop- 
ment Scheme of the U.S. Bureau of Reclamation, 
which was planned in connection with the Chief 
Joseph dam now under construction on the 
Columbia River in Central Washington. This 
is the first of several irrigation works which will 
ultimately supply new and supplementalirrigation 
water for 78,000 acres of land. The Chief Joseph 
dam is now under con- 
struction by the U.S. 
Army Corps of Engin- 
eers a short distance 
downstream from the 
Grand Coulee dam. 
The land which would 
be irrigated under the 
proposed plan is down- 
stream from the Chief 
Joseph dam. Some land 
would be supplied by 


Lake, which will be 
bulk of the land, how- 
ever, would be supplied 
by pumping directly from 
the river. Power from 
the Chief Joseph dam 
would be used for this 
purpose and power 
revenues from the dam 
would also repay a por- 
tion of the cost of the 
irrigation development. 
The areas proposed for 
immediate authorisation 
are the East Canal and 
Bridgeport Bar division 
and the Bluebottle Flat 
unit of the Shoreline pumping division—areas 
along both sides of the Columbia and Okanogan 
Rivers near the confluence of these streams. It 
is contemplated that a full water supply would 
be provided for 6440 acres of new land and a 
supplemental or full and cheaper substitute 
supply be provided for 2260 acres which are 
now receiving water through expensive high-lift 
pumping. The total cost of the development 
is estimated at 34,139,000 dollars, of which 
water users would be able to repay approximately 
13,326,000 dollars over a fifty-year period. The 
balance would be repaid out of power revenues. 
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An Improved Marine Radar Se 


A NEW marine radar equipment, having a 
long-range searcher scale covering a radius of 50 
sea miles, was recently demonstrated in London 
by the maker, Kelvin and Hughes, Ltd. o 
Barkingside, Essex. Although radar detection is 
generally limited to the horizon range, there are 
some targets along the various trade routes which 
are suitable for detection at ranges beyond those 
hitherto attained with commercial radar equip. 
ment. If such targets can be identified they may 
be useful for position fixing and it is 


yr j 
kind of function that the 50-sea-mile arch’ 
scale is intended. An example of the Pp] 
display using the 50-mile scale is illustrate. here. 
with from a photograph taken ona ship ap roach. 
ing Liverpool at the end of a passage fron: Aden, 


The new equipment provides a high-de ‘inition 
12in P.P.I. display, with a choice of fou Tange 
scales : the first is continuously variable from 
| to 5 miles, and the other scales are, respe~tively, 
10, 25 and 50 miles. All the operating controls 
are grouped on a panel below the screen on the 
display unit. 

The “2C” radar, as shown in the accom. 
panying illustrations, consists of three main 
assemblies—the scanner unit, the transmitter 
unit and the display unit. The frequency band 
is 9320 to 9500 Mc/s, corresponding to a wave- 
length of approximately 3cm. 

The aerial system or scanner, illustrated on 
page 249, consists of a tilted parabolic cylindrical 
reflector with a horn feed in the focal line, 
Scanning is done clockwise, continuously through 
360 deg. in azimuth, at 30 r.p.m., with a geared 
motor drive. The beam-width of the aerial 
system, measured as the full angle between the 
half-power points (that is, 3 db down) is specified 
as 1-3 deg. horizontally and 2-7 deg. vertically. 
The side lobes are stated to be less than 5 per 
cent of the main beam amplitude. 

Briefly, the transmitter makes use of a spark 
gap (“‘ Trigatron”’) discharge of an artificial 
line into a pulse transformer which drives a 
magnetron. From this arrangement a peak 

power of 60kW is obtained, with a pulse width 
of 0-2 micro-seconds and a pulse recurrence of 
1000 per second. A common T.R. switching 
system is employed. As illustrated, the trans- 
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P.P.L. Display near Liverpool on 50 Mile Searcher Scale 


mitter is housed in a hinged three-sectioned 
case, the waveguide entry, cables and other 
components being easily accessible for servicing. 

The receiver is a superheterodyne with a reflex 
klystron local oscillator and a coaxial crystal 
mixer. The preliminary i.f. amplifier in the r.f. 
head is coupled by matched coaxial cable to the 
main if. amplifier in the display unit. Anti- 
clutter control is effected by adjustable swept 
gain. The intermediate frequency is 60 Mc/s 
and the i.f. bandwidth is 10 Mc/s. Presentation 
of the display is on a 12in diameter metal-backed 
fluoride cathode-ray tube operating at 9kV. 
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To give a stabilised display the compass move- 
ment is superimposed on rotation of the deflector 
coil by repeater compass transmission. All the 
necessary controls, including the range switch 

scale markers, brilliance, sensitivity and 
clutter control are mounted on a panel just below 
the display, as shown in one of our illustrations. 
There are separate illuminated indicators to 
show the range scale in use and the range of a 
selected target in miles. 

Electricity supplies for the radar equipment 
are obtained from a motor generator set which 
js standardised for operation from 110V and 
220V d.c. mains. It consists of a rotary inverter 
with an inductor alternator on a common shaft, 
excitation being taken from d.c. mains. A 
carbon-pile voltage regulator provides for regula- 
tion of the alternator output to compensate for 
mains fluctuations between 95V and 120V or 





Display Unit 


190V and 235V. For use with a.c. mains an 
a.c./d.c. conversion unit is available; it has 
been standardised for operating with any 50 c/s, 
three-phase input voltage within the ranges 
220V to 250V and 380V to 440V. The alternator 
gives a single-phase output at 180V, 2000 c/s, 
of 0-45kW, and the maximum power taken from 
the ship’s mains when the radar is operating is 
1:1kW. The starter of the motor generator set 
is under remote control from a push button on 
the panel of the display unit. 


PERFORMANCE 


For working in the confined space of estuaries 
and other narrow channels use may be made of 
the 1 to 5-mile range scale which can be varied 
anywhere between the limits of 1 and 5 miles, full 
scale. On the next range the full scale is 10 miles, 
which is considered to be useful for coastwise 
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pilotage and for keeping a look-out when 
proceeding in poor visibility. The 25-mile range 
scale is suitable for the long-range detection of 
average targets. The 50-mile scale is intended for 
position fixing at extreme range. 

Accurate reading of range, up to a maximum 
of 10 miles on all ranges, can be obtained by 
adjusting a superimposed calibration ring, 
known as the range marker, to intersect the 
echo ; the displacement of this ring from the 
centre of the display is continuously adjustable 
by an accurately calibrated control. The approxi- 
mate range is obtained by estimation of the 
position of the echo in a fixed calibration pattern 
which consists of a series of concentric rings 
superimposed on the display at fixed range 
intervals. The range intervals between calibra- 
tion rings for the four range scales are: (1 to 5 
miles), 4 mile ; (10 miles) 2 miles ; (25 miles) 
4 miles ; (50 miles) 8 miles. 

The range discrimination is given as 40 yards, 
the minimum range also being 40 yards and the 
accuracy better than +5 per cent of the full-scale 
range in use. 

Bearing readings can be made by placing a 
cursor to intersect the echo, the bearing being 
indicated on an illuminated azimuth scale at the 
circumference of the display circle. The bearing 
accuracy is stated to be better than 1 per cent, 
the discrimination limit being 1-3 deg. 





The Solution of Transient Heat-Flow 
Problems by Analogous Electrical 
Networks* 

By D. I. LAWSON, M.Sc.,t and J. H. MCGUIRE, B.Sc.+ 
No. Il—( Concluded from page 219, Aug. 14th) 
The design of a machine for solving heat con- 
duction problems by their electrical analogy with 


the flow of current in series resistance, shunt 
capacitance networks, is described in this paper. 


Consideration is given to the representation of 


cooling by radiation and convection, and the 
design of the circuits is discussed. 


BOUNDARY CONDITIONS 


THE problem may involve a simple or a com- 
posite structure, but the network should be 
designed according to the rules developed in the 
previous section. Boundary conditions will also 
have to be satisfied. These will involve instances 
in which the unheated surface is lagged, or main- 
tained at a fixed temperature by being in contact 
with a large quantity of well-stirred liquid, 
or when it may be losing heat by radiation and 
convection. These examples will be considered 
in turn. 

(1) Rear Surface Well Lagged—A lagged 
structure is a composite structure ; one part of 





* Institution of Mechanical Engineers. Written discussion of 
this paper was invited by the Institution. 
it of Scientific and Industrial Research and Fire 
Offices’ Committee, Joint Fire Research Organisation. 
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the network should represent the conducting 
materials, while the other parts should be con- 
structed to represent the lagging. If the lagging 
is good its thermal conductivity will be low, so 
that the series resistance elements representing 
unit area of this section will be high (R=1,K) ; 
moreover, for an effective lagging material, the 
product of the specific heat and density will be 
small, so that the shunt capacitance elements 
(C=pS) will also be small. The current entering 
this part of the network will generally be negli- 
gible, and it will make little difference to the 
temperature in the conducting material if the 
part of the network representing the lagging is 





(b) T 





atti 


a Heat problem. T=0 t<0 O<x<@ 
T= t>0 X=0 


b Electrical representation. E=0 t<0 O<x</] 
E=E, 1>0 <x=0 
c Approximate electrical equivalent if lagging is good. 
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Fig. 9—Representation of a Lagged Thermally Con- 
ducting Medium 


omitted and the network representing the con- 
ducting material is therefore left open-circuited 
(Fig. 9). 

(2) Rear Surface of Material Held at a Fixed 
Temperature.—A conducting material, one sur- 
face of which is held at a fixed temperature, is 
exemplified by the wall of a large tank, of which 
one side is heated and the other side is in contact 
with a large mass of well-stirred liquid ; the 
mass of liquid is considered to be enough to 
preclude any appreciable rise in temperature. In 
the electrical analogy this is equivalent to a short 
circuit at the end of the network representing the 
tank wall, which will ensure that there is no rise 
in voltage (temperature) at the end of the line 
representing the rear surface (Fig. 10). 

(3) Rear Surface in Contact with a Limited 
Quantity of Well-Stirred Liquid.—If the liquid is 
limited in quantity, its temperature will rise as 
heat is transmitted through the material. to it ; 
and if V is the volume of liquid receiving heat 
from unit area of the transmitting medium, the 
following simple relation will connect the rate of 
arrival of heat from the conducting medium 
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daQ/dt with the rate of rise in temperature of the 
liquid d0/dt 
dé 
sae 
In the electrical representation, dQ/dt is repre- 
sented by the current i at the end of the network, 
and d6/dt is represented by a rate of rise in 











potential across the network dv/dt; therefore 
| @=0 
=: 
\ Large Mass 
\. of Well 
\, Stirred 
\ Liquid 
X 
\ 
\ 
yah WS aay 
ot OR. Se | 
a Heat problem. 6=0 1<0 O0<x<@ 
6=6 t>0 x=0 
b Electrical representation. E=0 t=0 O<x</ 
E=E, t> x=0 


Fig. 10—Representation of a Thermally Conducting 
Medium in Contact with an Unlimited Mass of 


Well-Stirred Liquid 
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a Heat problem. 6=0 ¢<0 O<x</ 
6=6. t>0 x=0 
b Electrical representation. E=0 t<0 O<x</ 
E=E, t>0 x=0 


Fig. 11—Representation of a Thermally Conducting 
Medium in Contact with a Limited Mass of Well- 


Stirred Liquid 


the analogy will be satisfied if the liquid is repre- 
sented by a capacity having a value pSV. The 
network should therefore be closed by a con- 
denser having a value pSV. If the capacitance 
elements in the rest of the network are scaled the 
same scaling factor will apply to this termination 
(Fig. 11). 

(4) Radiation and Convection—If the rear 





Notation 
A—Area of cross section. 
a\—Parameters determining voltage current characteristic 
b of “ Metrosil,” i=av?. 
C—Shunt capacitance per unit length of network. 
E—Electromotive force. 
g—Mutual conductance. 


H—Convection coefficient. 
1,()—Modified Bessel function of first kind and rth order. 
i—Current 


K—Thermal conductivity. 
k—Thermal diffusivity. 
L—The Laplacian 
™ }—Scaling factors. 
p—The Heaviside operator. 
Q—Quantity of heat. 
g—Quantity of electricity. 
R—Resistance per unit length. 
r—Number of sections of iterated network. 
S—Specific heat. 
T—Absolute temperature. 
T,—Ambient temperature. 
t—Time. 
V—Volume of liquid. 
v—Voltage. 
v¥—The Laplacian transform of v. 
=x 


y >—Cartesian co-ordinates. 


z 
Z—Impedance transform. 
a—Equivalent length of section ; also used as a fraction. 
@—A fraction. 


orm. 


yand y—Defined by erty=@lv/n)(_ f° Way). 
0 


8—1+2Z’/2Z. 
e—Enmissivity factor. 
6—Temperature difference due to heat flow. 
A—Defined by A=2#/(a*RC.). 
As—Defined by A,;= 22(RC.). 
‘Dens: 


an-Boltzmann constant. 
Y—Coefficient of Newtonian cooling. 
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surface of the material were losing heat by 
radiation and convection, the most simple 
termination would be obtained by considering 
the rate of loss of heat to be proportional to the 
rise in temperature. The rate at which the heat 
leaves the surface dQ/dt would then be propor- 
tional to the temperature rise 9, or 
dQ 
dt ae 

where ¥ is a cooling coefficient and is equal to 
the rate of loss of heat from unit surface for unit 
rise in temperature. Since dQ/dt is analogous to 
the current flowing at the end of the network, and 
0 is analogous to the voltage across the network, 
this Newtonian cooling would be represented by 
a resistance having a value equal to 1/W or its 
scaled equivalent. The accuracy of this simple 
solution is not nearly sufficient for most problems. 

The more complete solution will have to take 
account of both radiation and convection. The 
rate of loss of heat by radiation dQ,/dt from unit 
area of a hot surface is given by 


dQ, _ 4_7.¢ 
a =eo(T*—T,') 
where c is the Stefan-Boltzmann constant, ¢ is 
the emissivity factor of the surface, T is the 
absolute temperature of the surface, and 7, is 
the ambient temperature (absolute). The rate 
of loss of heat by convection dQ,/dt from unit 
surface is given by 
qQe _ ep_7.yi-2s 
- =H(T—T,) 
where H is a convection coefficient. Therefore 
ag total heat loss dQ/dt from unit area is given 
y 
d d . 
10 4 (0,4. Q)=2AT*—Ta') + H(T— Ta)! 


For making the electrical analogy of this equa- 


tion the following numerical equalities are 
available : 
dQ 


ee 

v=60=(T—T,). 
In electrical terminology it is possible only to 
represent the temperature rise 9 as a variable ; 
therefore the absolute temperature T must be 
expressed in terms of 6 and the ambient tempera- 
ture 7,, which is constant. 





40 col(0+Ts)*—To4]+ HO™ 
It is clear that any circuit chosen to represent 
this kind of cooling must employ elements which 
do not obey Ohm’s law, since dQ/dt is not pro- 
portional to 9. 

During recent years a material, ‘ Metrosil,” 
has been developed that has the electrical 
characteristic i=av’, where b may have values 
between 4 and 5, and a may have a range of 
values depending on the conducting area and the 
thickness of the conducting material. This is the 
type of characteristic required for the representa- 
tion of the radiation function, since the current 
increases rapidly with increasing voltage across 


(20) 


Current Through 
the Series 
Combination 
\ 


“Metrosil” 
Choracteristic 






“Metrosil” 








Fig. 12—Graphical Solution of Current Flowing 
through Series Combination of Resistance and 
“* Metrosil ” 


the element in the way that the heat radiated 
from a hot body increases rapidly as the tem- 
perature of the body is increased. The material 
cannot, however, be used directly as a termina- 
tion for the network, for the loss by radiation 
would then be represented by dQ/dt=a®’. The 
current would rise too rapidly as the voltage 
across the element was increased, an error that 
could be overcome to a large extent by connecting 
a resistance R in series with the “‘ Metrosil.” 

If an electromotive force (e,) is applied to such 
a network, a current i will flow determined by 
i=(eé.—v)/R (that is, i=av), where v is the 
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potential difference across the “ Metrosjj» 
element. These equations are best solved graphic. 
ally as shown in Fig. 12, where the slope of the 
line AB with its sign reversed is equal to the 
reciprocal of the resistance, and the intercepts 
on the current and voltage axes are respectively 
e/R and eé9. The characteristic curve of a series. 
resistance “ Metrosil ’’ element may be obtained 
by considering a range of e.m.f., with ey, e& 
and e,; the corresponding values of current 
being given by the intersections with the “ Metro. 
sil’ characteristic of a family of straight lines 
parallel to AB (Fig. 13). The performance of the 
circuit may then be plotted by drawing the lines 
C,D,, C,D,, Cs;D; and B,D,, B,D., B;D, parallel 
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Fig. 13—Characteristic of Series Combination of 
** Metrosil”’ and Resistance 


to the voltage and current axes respectively, 
The points D,, D, and D, will then lie on the 
required characteristic. Having established this, 
it is possible to reverse the procedure and to find 
the best circuit values to approximate to the 
required cooling curve. If appropriate values 
for ce, cs, H, and 7, are substituted in equation 
(20) the cooling curve may be plotted in terms of 
electrical units and becomes the required charac- 
teristic as shown in Fig. 14. If the curve PQR 
represents a typical ‘ Metrosil ’’ characteristic 
and the values of the voltage and current for any 
given point S on the required characteristic are 
@) and iy, the resistance that must be placed in 
series with the ‘‘ Metrosil” to satisfy this con- 
dition is found by drawing SQ parallel to the 
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Fig. 14—Construction of Curve to Represent Cooling 
Function 


voltage axis and producing it until it cuts the 
curve PQR at Q. The slope of the line NQ with 
its sign reversed will give the reciprocal of the 
resistance to be used in series with the “‘Metrosil.” 

So far the circuit has only been designed to fit 
the particular conditions represented by the 
point S. The next step is to consider a range of 
points on the required curve and to find whether 
the slopes of the lines corresponding to QN in 
Fig. 14 are all the same ; that is, to find if one 
value of resistance can be chosen in conjunction 
with the “ Metrosil”’ to represent the required 
characteristic when any voltage is applied. 
Unless this were so it would not be possible to 
represent the required curve with a single series 
resistance-** Metrosil ’» combination. 

In seeking a suitable combination the graphical 
construction may be performed for a range of 
“* Metrosil ” characteristics, since a and b are 
degrees of freedom in the characteristic i=av’. 
In practice it will not be found possible to make 
the lines A,B,, A,B,, A;B;, &c., of Fig. 13, 
absolutely parallel. Since each line is character- 
istic of a resistance value, this indicates that 
different values are required for different applied 
voltages. However, a reasonable compromise 
may be made in which the slope of the middle 
line of the family A,B, in Fig. 13 is chosen as 
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ying a suitable value from which to calculate 
the resistance. j : : : 
The value of resistance to use in series with 
the Meirosil ” having been decided, it is possible 
o construct the curve approximating to the 
wooling function by the method illustrated in 
ig, 13, and already described. This curve 
hould now approximate to the required cooling 
characteristic, and an example is shown in 
fig, 15. While this is a great improvement on 
the use Of a simple resistor for representing 
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Fig. 15—-Representation of Cooling Curve by Series 
Combination of Resistance and “* Metrosil’”’ 


the radiation function, the fractional deviations 
from the required curve are particularly serious 
for temperature rises of less than 100 deg. Cent 
(180 deg. Fah.), due to the resistance of the 
“Metrosil ’ being too high for small applied 
voltages. The error may be reduced to negligible 
proportions by connecting a resistor in shunt with 
the series resistance-“* Metrosil ”’ combination, as 
shown in Fig. 16. The current taken by the 
cooling network will be e/R,. When the applied 
electromotive force e is small the shunt com- 
ponent will pass practically the only current 
drawn by the cooling network, since the “‘ Metro- 
sil” will then have a very high resistance. It is 
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16—Representation of Cooling Curve by 
“* Metrosil’’ Component in Conjunction with 
Series and Shunt Resistances 


Fig. 


possible to get some idea of the appropriate 
value of R, from equation (20), which gave the 
rate of flow of heat in terms of the temperature 
rise. 1/R, should be equivalent to (dQ/dt)/0. 
When 9 is small the following approximations 
may be made :— 
H0'5 ~~ HO 

and 

(8+ 7Ts)*— T° 47,70. 
Hence 


(21) 


In the design of the circuit shown in Fig. 16 to 
fit the electrical representation of the radiation 
curve, the current values for all points on the 
radiation curve must be reduced by an amount 
e/R,, and the resulting curve must then be fitted 
by a series resistor-“* Metrosil ’” combination as 
previously described. In practice, the best fit 
may be obtained by varying R, slightly from the 
value given in equation (21). Fig. 16 shows the 
good degree of approximation that can be 
achieved in this way. 


PRACTICAL DESIGN OF THE ANALOGUE 
CALCULATOR 
When designing the analogue, it was decided 
to use a time scale that would be rapid enough 
to allow for an oscillographic representation of 


1 = 3 
| eal +H . 
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the time-temperature curve in any material. 
The time for the complete solution of a problem 
was chosen as 1 millisecond ; so the wave form 
representing the temperature at the surface of 
the material was applied 1000 times per second§ 
to the network. The repeated application of 
the wave form raises a problem ; for after one 
wave-form cycle has been applied, the line must 
be brought into its initial condition before the 
next wave-form cycle can be started. This 
involves removing any residual charge from the 
shunt condenser elements. 

In practice, 80 per cent of the operating cycle 
is allowed for the solution of the problem and 


Time Base Cathode- 
Synchronising Step Function & Time Ray Tube 
Unit Generator Marker Circuit 











Modified 
Exponential 
Wave-form 

Generator 








Line Discharge Unit 


Fig. 17—Block Schematic Diagram 


the rest of the time is used to remove the accu- 
mulated charge from the network condensers. 
A valve is connected across each condenser and 
its grid is keyed to render it conductive during 
the discharging period, as shown in Fig. 17. 

Two alternative voltage wave forms are pro- 
vided. One is a square wave form in which the 
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© Curve from B.S. 476. x Electrical representation. 


Fig. 18—Growth of Temperature with Time in Average 
Fire as Defined by B.S. 476 (1932) 


applied temperature is suddenly raised to, and 
maintained at, a fixed value. This affords a 
ready means of checking the accuracy of the 
machine, since some problems of this kind yield 
readily to analytical treatment. The other wave 
form, shown in Fig. 18, is a mixed linear and 
complementary exponential growth of tempera- 
ture, of the form at + 6(1—e—"), which approxi- 
mates closely to the standard curve representing 
a growth of temperature with time in an average 
fire. A voltage scale in which 1 deg. Cent. is 


0 I 2 se 3 @ 
Hours 
The temperature at any time is obtained by raising the time 
trace so that it cuts the curve at the appropriate time. The voltage 
required to shift the time trace is then read and gives an indication 
of the temperature. 


19—Presentation of British Standard Time- 
Temperature Curve and Time Markers (Hour and 
Ten-Minute Intervals) on Cathode-Ray Oscillo- 
scope 


represented by 0-165V has been chosen because 
it is convenient in portraying the time-tempera- 
ture curve on the oscilloscope. A double-beam, 

§ The choice of 1000 c/s as the repetition frequency was made 
to avoid interference from the supply mains when working with 


high-impedance networks simulating bad thermal conductors. 
work shown that trouble from this source was m 


smaller than anticipated, 


Fig. 








cathode-ray representation is used. One of the 
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beams has the time-temperature function applied 


to it; the other has a time scale graduated in 


hours and ten-minute intervals up to eight hours 
(Fig. 19).|| The ratio of the time scale in the heat 
and electrical representation is 3-6 x 10’. 

This is a tracing of a photographic record. 

In addition to the iterated network and its 
associated termination, already discussed in 
some detail, the analogue calculator comprises 
essentially a wave-form generator developing 
the voltage wave forms simulating the tempera- 
ture rise at the surface, a line discharge unit and 
a time marker unit for developing a time scale 
on the display unit (Fig. 17). These circuits are 
triggered from a master synchronisation unit. 

[Details of the synchronisation unit, the wave- 
form generators and the time base and time 
marker circuits are given, with a circuit diagram, 
in the paper.] 


THE ACCURACY OF THE EQUIPMENT 


The Solution of a Practical Problem.—A fire- 
resistance test of a 44in specially dried brick 
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Fig. 20—Electrical Circuits Representing a 44in Brick 
Wall E 


wall has been made at the Fire Research Station, 
Elstree, according to the specifications of B.S. 476. 
The network of Fig. 20 was constructed to 
represent unit area of cross section of the wall, 
the thermal constants of the wall (a combination 
of brick and mortar) being taken as K=5-45 
B.Th.U. inches per square foot per hour per degree 
Fahrenheit (0-00188 calorie per centimetre per 
second per degree Centigrade), p=108 Ib per 
cubic foot (1-73 gramme per cubic centimetre), 
and S=0-2 B.Th.U. per degree Fahrenheit per 
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Fig. 21—Rise in Temperature at Unheated Face of 4tin 
Brick Wall 


pound (0:2 calorie per degree Centigrade per 
gramme). Application of the analogue of the 
curve of B.S. 476 gave the results shown in 
Fig. 21. 


CONCLUSIONS 


The factors governing the accuracy of repre- 
senting continuously distributed thermal (or 
electrical) resistance and capacity by lumped 
networks have been treated in detail, and a 
design technique for “lumping” has been 
formulated. An expression has been derived 
relating the length represented by the first section 
to the accuracy requirement, and it has been 
shown that the equivalent length of subsequent 
sections should in general vary as their distance 
from the source of heat. 

The machine described was designed for 
specialised work, and the use of cathode-ray-tube 





|| The period eight hours is chosen to suit the particular 
problems with which the machine has to deal. It represents 
the maximum time a structure is likely to be tested under fire 
conditions. 
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ing results. 


constants with temperature ; 


likely to be obtained at those points. 


The use of non-linear elements in the analogue 
allows the effects of both convection and Stefan 
radiation to be included in results, which thus 
form a distinct advance on the usual analytical 
solutions where Newtonian cooling is often 


erroneously assumed. 
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Two Precision Projectors 


Tue illustrations on this page show a universal 
and a projector for 
small bench lathes now being made by Hilger 


measuring projector 
and Watts, Ltd., 96, St. Pancras Way, London, 
N.W.1. 


The. universal measuring projector has a 17in 
diameter screen. 
possible not only to perform normal comparison 
of a projected image with a template, but also to 
make precise measurements in two mutually 
perpendicular directions .over distances greater 
than the area projected on the screen. An 
accurate protractor is available for angular 
measurements and radii of curved elements can 





Universal Projector 


be measured by comparison with radius tem- 
plates. 
The light source consists of a 250W high- 


pressure mercury vapour lamp mounted in a .- 


ventilated lamp house which is adjustable for 
centring and focusing. The angle of illumina- 
tion can be adjusted up to 10 deg. each way and 
the use of a long focus condensing lens in con- 
junction with the small area illuminant provides 
a substantially parallel beam of light. The pro- 
jection lenses are carried on a substantial mount 
and attached by means- of a quick-start thread. 
Lenses available give magnifications of 100, 50, 
25, 15 and 10 times, and they are specially 
computed for gauging projection. The re- 
spective fields of view of these lenses are 0-16in, 
0-33in, 0-66in, 1-lin and 1-65in diameter. 

The work stage of the projector can be clearly 
seen in our illustration. It can be traversed 
horizontally and vertically and is 15in long, with 
a horizontal work face 34in wide and a vertical 





presentation gives speed and simplicity in obtain- 
The machine was not designed to 
handle problems involving variation of thermal 
but it could be 
applied to such problems, with the object of 
attaining approximate solutions, by designing 
a line such that the thermal constants represented 
at each section vary as the mean temperatures 


With this instrument it is 
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optical axis through a hand wheel. 





Lathe Projector 


magnification is assured by keeping the distance 
of the projection screen from the object rigidly 
fixed. The focusing movement is comparable in 
accuracy with the measuring movements and 
consequently the distance between points on an 
object which lie in different planes can be 
measured, although they must be focused 
separately. 

Such projectors are provided with accurate 
means of linear and angular measurement ; in 
one type of instrument the linear measurements 
are made by micrometers, and in the other by 
means of glass scales used with a special reading 
device. 

In a projector fitted with the micrometer 
measuring system the work stage is moved in 
the horizontal direction by a micrometer reading 
to 0-0001lin through a range of lin, which can 
be extended to 6in by the use of slip gauges. 
Vertical movements are made by the hand wheel 
and the table position is checked by micrometer. 

Projectors fitted with glass scale measuring 
systems have the advantage that direct measure- 
ments can be made over the whole horizontal 
distance of 6in and vertical distance of 2in 
without having recourse to slip gauges. Both 
scales are read through the same eyepiece, a 
switch being turned to select the scale required. 

The projection screen is provided with cross 
lines and is mounted in a rotatable metal frame 
engraved with a protractor scale. 

The lathe projector, although primarily de- 
signed for use with small bench lathes, can, in 
fact, do most of the work required from a normal 
projector of comparable size. With this unit 
the profile of the work, magnified to a suitable 
degree, is clearly shown on a screen together with 
the cutting edge of the tool. The screen can be 
provided with a template of the finished shape 
so that a turner by guiding the tool to the outline 
can finish work to the required shape and 
dimensions. 

The projector has a light metal body carrying 
at orie end the projection lens and at the other 
a large translucent screen upon which the image 
is thrown after magnification. A lamp house 
on a mount projects light horizontally on to a 
small rectangular mirror supported close to the 
work in the lathe. This mirror reflects the light 


face 23in deep. The faces are T-slotted to permit 
the use of work clamping plates and belts. 
Three-position centre brackets with matched 
centres which can be mounted on the horizontal 
work face can accommodate work up to 9in 
long by 8in diameter. In addition to the vertical 
and horizontal traverses, the stage can be tilted 
to plus or minus 24 deg. to enable work to be 
lined up with the direction of traverse. When it 
is required to project acute helix work, the stage 
can be rotated in either direction about a vertical 
axis to about 30 deg. To focus the image the 
whole work stage can be moved parallel to the 
Correct 
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past the work and into the projection lens, from 
which it is reflected by a mirror system to the 
projection screen. This screen is sloped back at a 
convenient angle to the vertical so that the image 
is readily seen by the user when standing in a 
normal position. The image is of ample bright. 
ness for use in a normally lighted workshop, ang 
as it is seen by both the user’s eyes there is no 
eyestrain. The screen is 8in square with a Working 
area 74in by 74in, and the image can be magni- 
fied twenty, forty or eighty times according to 
the projection lens selected. The makers point 
out that in addition to its use with smal! lathes 
the projector has many other applications, as, for 
instance, when it is necessary to follow the action 
of the cutting tool on larger lathes, when the pro. 
jector can be mounted on the cross slide so that it 
travels with the tool. It can be used as a bench 
projector for surface or profile inspection of 
small objects or as an aid to the assembly of 
minute components. 





An Assisted Take-off Rocket Motor 


DETAILS have just been revealed about a new 
assisted take-off rocket motor designed and 
made by the de Havilland Aircraft Company, 
Ltd., for use, in the first place, in military aircraft, 
In its present form the “‘ Super Sprite,” as the 
motor is named, gives a total impulse of 
120,000 Ib-seconds. It weighs 600 Ib and has a 
duration of about forty seconds with a maximum 
thrust of 4000 Ib. 

As is well known, the modern high-perform- 
ance aircraft, whether jet or propeller driven, 
is capable of carrying in the air a far greater 
load than it is able to lift off the ground even 
from the longest runways. The availability of a 
rocket motor, with a power-weight ratio greatly 
in excess of that of conventional power plants, 
providing additional power during the critical 
period, largely overcomes this handicap and 
enables the aircraft to take off safely with 
greatly increased loads. 

The “‘ Super Sprite’ employs hydrogen per- 
oxide with kerosene or petrol injection. A solid 
catalyst replaces the liquid potassium per- 
manganate used in the earlier “ Sprite ” rocket 
motor. The purpose of the catalyst is to break 
down the hydrogen peroxide into water, in the 
form of steam, and free oxygen. It is this con- 
version of liquid peroxide into gaseous steam 
and oxygen that provides the bulk of the thrust 
of the motor. The injection of kerosene or 
petrol fuel and its combustion, which is made 
possible by the presence of the free oxygen in 
the exhaust stream, increases the energy exerted 
by the rocket, and this additional energy can be 
used either to increase the thrust or to extend the 
duration of the run. The kerosene or petrol 
used in the ‘ Super Sprite” is drawn from the 
main tanks of the aircraft, and it is this factor 
which dictates the choice between the alternative 
fuels, both of which are equally suitable for 
injection in the rocket. Hydrogen peroxide has 
the advantage over other possible fluids which 
may be used in rocket propulsion, such as nitric acid 

or liquid oxygen, in that it is comparatively safe and 
easy to handle and has good long-storage charac- 
teristics. The introduction of thé solid catalyst 
eliminates the need for a separate permanganate 
tank and leads to a simplification in the design 
and greater ease of handling. It also has the 
advantage of eliminating the “ brown steam” 
exhaust, a characteristic of rockets using per- 
manganate. The exhaust jet of the new unit is 
completely smokeless. 





DENUNCIATION OF AiR SERVICES AGREEMENT.—Follow- 
ing inconclusive negotiations over a long period for the 
amendment of the Philippine-United Kingdom Air 
Services Agreement, the United Kingdom has now given 
the Philippines formal notification of the termination 
of the agreement, which will have effect twelve months 
from the date on which the Philippine Government 
received the note. Philippine operators will be unable 
at the end of the twelve month period to exercise traffic 
rights at points in United Kingdom territory, and on the 
other side United Kingdom and Colonial operators will 
be unable to exercise traffic rights in the Philippines. 
The United Kingdom Government has taken this 
unusual step because the Philippine Government 
declined to give the United Kingdom a new route which 
would enable the British Overseas Airways Corporation 
to exercise full traffic rights at Manila on cheir “ Comet 
service between the United Kingdom and Tokyo. 
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Industrial and Labour Notes 


Confederation of Shipbuilding and Engineering 
Unions 


The annual conference of the Confederation 
of Shipbuilding and Engineering Unions was 
held at Great Yarmouth last week, under the 
presidency of Mr. H. G. Brotherton. In his 
opening address, on Tuesday, August 11th, Mr. 
Brotherton referred at some length to the claim 
for a 15 per cent wage increase which has recently 
been submitted on behalf of workers in the 
engineering and shipbuilding industries. He 
asserted that since the summer of 1947 the cost 
of living had risen by more than 40 per cent, 
but that average earnings in the engineering and 
shipbuilding industries had increased by only 
34 per cent. This, he explained, did not include 
overtime payments, for the unions considered 
that such extra money was more than earned 
by the strain and loss of leisure involved. In 
the same period, Mr. Brotherton continued, 
productivity had increased by more than 50 per 
cent and profits had doubled. He argued, there- 
fore, that from these profits a substantial wage 
increase could be made without raising the price 
of engineering products. On the following day 
the conference passed a resolution, which was 
submitted by the Confederation’s executive, 
calling for a campaign at national and local 
levels to inform the public of the shipbuilding 
and engineering workers’ achievements and to 
emphasise the justice of their claim. 

On Thursday, the principal resolutions dis- 
cussed and passed by the conference related to 
nationalisation and to a shorter working week. 
The first urged the Confederation to draw the 
attention of the public, and, in particular, of the 
Labour movement, to the “strong case”’ for 
nationalising the aircraft industry, the machine 
tool, coal-mining machinery and railway wagon 
industries, and the independent foundries within 
the iron and steel industry. The other resolution 
called upon the Confederation to press for the 
introduction of a forty-hour week without loss 
of earnings. 


Iron and Steel Production 


Steel production in Great Britain in July 
averaged 276,600 tons a week, the highest rate 
ever recorded in a month in which output is, of 
course, affected by annual holidays. The annual 
rate of steel production in July was 14,383,400 
tons, compared with 14,236,000 tons in July last 
year. The British Iron and Steel Federation says 
that, in the first seven months of this year, the 
output of steel ingots and castings averaged 
338,100 tons a week, which was 11 per cent above 
the weekly average in the comparable period of 
1952. Pig iron production in July this year 
was at an annual rate of 10,524,000 tons, com- 
pared with a rate of 10,482,000 tons in July, 1952. 

Some comments on the steel industry’s pro- 
gress are contained in an article which Sir Arthur 
Pugh has contributed to Man and Metal, the 
journal of the Iron and Steel Trades Confedera- 
tion. Sir Arthur, who was formerly the Con- 
federation’s general secretary, recalls that he 
entered the iron and steel industry as a manual 
worker nearly sixty years ago. He says that “ so 
far as the iron and steel industry is concerned it 
has no occasion to apologise for the part it has 
played and is playing in the national life.” In 
1945, the Confederation entered into an agree- 
ment with the employers in the major section of 


_ the industry to extend the hours of labour so 


that the plant might operate round the clock for 
seven days a week, and for that purpose the Con- 
federation’s claim for a forty-four hour week was 
deferred for five years. Meanwhile, Sir Arthur 
points out, large extensions of plant and develop- 
ments in technique have been made. Since 1945, 
his article continues, there has been a progressive 
increase in steel production, and this, for the 
most part, has been accomplished under a 
system which has combined private ownership 
with a large measure of Government control. 
Granted the facilities and raw material, Sir 
Arthur adds, “ the progress in output will con- 
tinue whether the industry is nationalised or not, 
since it is consistent with the sense of achieve- 


ment animating the industry, combined with the 
spirit of co-operation which governs the relations 
between those upon whom success in the final 
result depends—labour and management.” 


Engineering Exports 

According to a survey published in Bulletin 
for Industry—the Treasury’s monthly review of 
the economic situation—the engineering indus- 
tries of the United Kingdom have been exporting 
about one-third of their output in recent years. 
That is an average ; the proportion has been 
higher for motor vehicles, textile machinery and 
stationary engines ; about the average for office 
machinery, agricultural machinery, mechanical 
handling equipment, electrical machinery, wire- 
less, telegraph and telephone apparatus, and 
less than one-third for boilers and boiler-house 
plant, electric lamps, batteries, metal windows 
and door frames. This figure of a third of total 
output exported is, of course, much higher than 
before the war, and is above the proportion for 
all manufacturing industry, but, as the Bulletin 
comments, the engineering group is more 
dependent than most others on overseas sales 
for its prosperity. 

The survey goes on to say that the United 
Kingdom is much more dependent than it used 
to be on the engineering industries for the means 
of paying for its imports. In 1938, engineering 
goods represented 26 per cent of United Kingdom 
exports and 38 per cent in 1948. Last year, 41 
per cent of the country’s exports were provided 
by engineering products. Motor-cars and com- 
mercial vehicles have shown an_ especially 
sharp increase ; in 1938 they represented 13 per 
cent of the United Kingdom’s engineering 
exports, a figure which rose to 29 per cent in 
1950. Since then, the percentage has fallen back 
to 26. In the period 1948 to 1952, the value of 
most classes of engineering exports increased each 
year. In the first five months of this year, 
however, all the main groups showed a fall, and 
for engineering products as a whole the decline 
has been to about 3 per cent below last year’s 
average. But, as the survey explains, the 1952 
total included high figures in the first few months 
—before other sterling area countries were forced 
to impose restrictions on imports—and much 
lower figures in the second half of the year. 
Although, therefore, engineering exports are 
now below the 1952 averages, they were in the 
first six months of this year 3 per cent higher 
than in the second half of last year. 

It must be borne in mind that the figures quoted 
in the Treasury’s survey represent value, and 
that prices are partly responsible for the changes 
which have occurred. The average prices of 
metals and engineering products rose quickly 
between the middle of 1950 and the early part 
of 1952; they continued to rise slowly to the 
end of last year, since when they have fallen a 
little. Nevertheless, the survey says, with many 
kinds of engineering goods there have been some 
significant falls in the quantities exported. 


Aid for Industry 


Last February a programme was agreed upon 
for the expenditure of the counterpart funds from 
American economic aid under the Mutual 
Security Act of 1952. The Board of Trade has 
now announced that, as part of this programme, a 
revolving fund of £1,000,000 has been established 
for short-term loans to industry and agriculture 
in this country. Agriculture is to receive £300,000 
and the balance of £700,000 is available for short- 
term loans to industry for the purpose of increas- 
ing productivity efficiency. The President of 
the Board of Trade has appointed an independent 
committee, under the chairmanship of Sir John 
Woods, to advise him on the administration of 
the industrial portion of the revolving fund. 

This committee has already met and has made 
recommendations, which the President has 
accepted, as to the kinds of project which should 
be aided from the fund and as to the terms ‘and 
conditions to be attached to the loans within the 
framework laid down in the White Paper 
(Cmd. 8776). The advisory committee is now 





ready to examine individual applications from 
industry and will make recommendations thereon 
to the Board of Trade. The Board says that, 
in principle, any project which has as its object 
the raising of productive efficiency in industry 
is eligible for consideration. This includes, of 
course, any project arising from the recom- 
mendations of the Anglo-American Productivity 
Council reports or of the advisory service pro- 
vided under the Conditional Aid programme. 
As the amount of money available is limited, it 
will, however, be necessary to restrict loans to 
projects which will contribute quickly to achiev- 
ing the purposes of the fund as set out in the 
White Paper, and it is expected that most of the 
loans will be made for new equipment and 
improvement of plant layout. Preference will 
be given to small and medium-sized firms who 
can show that the benefits they expect to accrue 
from a loan will enable them (or their customers) 
to expand their export trade or to meet essential 
home requirements more efficiently. Loans will 
not normally be granted for periods of more 
than three years, though in exceptional circum- 
stances up to five years may be considered. 
Applications are unlikely to be entertained for 
large sums. No fixed minimum or maximum has 
been laid down, but first consideration will be 
given to loans which do not exceed £30,000. 
The amount and period of the loan and the rate 
of interest and the security required will be 
matters for negotiation, but it is the intention 
that the terms for approved projects shall not 
be less favourable than those which the applicant 
can obtain from other sources. 

An explanatory leaflet setting out the form in 
which applications should be made can be 
obtained from the Board of Trade, Industries 
and Manufactures Division 2 (Revolving Fund 
for Industry), Horseguards Avenue, London, 
S.W.1, or from Board of Trade regional offices. 


British Overseas Trade 


According to provisional figures issued at the 
end of last week by the Board of Trade, the value 
of exports of United Kingdom goods in July 
was £234,200,000, compared with £210,000,000 
a month in the second quarter of this year, and 
£208,500,000 a month in the first quarter. The 
Board of Trade, in announcing the figures, has 
commented that, this year, July had more than 
the average number of working days, there 
being twenty-seven. It is also a month which is 
less affected by industrial holidays than are 
August and September. Imports in July have 
been valued at £292,900,000, which was a little 
above the monthly average for the second quarter. 
With re-exports valued at £8,600,000, the excess 
of imports (c.i.f.) over total exports (f.0.b.) was 
£50,100,000 in July, compared with £73,700,000 
a month in the second quarter of this year and 
£53,900,000 in the first quarter. 


An Industrial Convention for Teachers 


At the invitation of three large engineering 
groups twenty-one masters from public schools 
will tour factories in the Midlands to see for 
themselves the opportunities which industry 
has to offer to promising boys. The factory 
visits are to be part of a convention designed to 
show that industry needs a fair share of well- 
educated boys and girls and that it can promise 
rewarding careers in return. The convention, 
which will be held from September 7th to 11th 
at Beaumont Hall, University College, Leicester, 
has been organised by the Public Schools’ 
Appointments Bureau in conjunction with the 
Brush Electrical Engineering Company, Ltd., 
the Rootes Group, and ‘the British United Shoe 
Machinery Company, Ltd. Factories are to be 
visited at Loughborough, Coventry and Leicester. 

An introductory talk will be given by Mr. 
Hugh Lyon, director of the Public Schools’ 
Appointments Bureau, and on the following 
three days directors of the three participating 
firms will explain how the country’s future 
depends on exporting more goods and industry’s 
need for a fair share of the best brains in the 
country to enable it to achieve this objective. 








Rail and Road 


Census OF Britain’s Roap Trarric.—Throughout 
this week, from 6 a.m. on Monday last until 10 p.m. on 
Sunday, August 23rd, a traffic census on a limited scale 
is being carried out on trunk and class I roads. The 
census was planned by the Ministry of Transport, with 
the help of highway authorities, to assist in estimating 
the growth and density of traffic. It is the second since 
the war. Counts are being taken for sixteen hours each 
day at 100 points widely distributed throughout England, 
Scotland and Wales. There are ten points in the 
Ministry’s Metropolitan division and ten points in each 
of the other nine divisions. Central London is excluded, 
as this area is covered by the census carried out 
periodically by the police. 


Air and Water 


SHip STABILiseERs.—Following upon the successful 
operation of the Denny-Brown stabilisers in the steamship 
“Leda,” the Bergen Line has decided to fit stabilisers 
in another of its ships, the motorship “* Venus.” 


Greek Liner.—We are informed that the liner at 
present under construction for the Greek Line at the 
yard of Alexander Stephen and Sons, Ltd., and which 
was launched earlier this year, is to be named “* Olympia.” 


-RoyaL Mai Line’s Commopore.—The Royal Mail 
Lines, Ltd., announces that Captain H. D. Hooper, 
has been appointed to command the company’s 
flagship “Andes” and to succeed Captain G. A. 
Bannister as commodore of the fleet. 


LiquiD FUEL BURNING EQuIPMENT.—We have received 
two publications from John I. Thornycroft and Co., 
Ltd. One is an abridged pamphlet —s with the 
company’s liquid fuel burning equipment for marine 
and industrial use with water-tube, tch, Lancashire 
and other boilers, and the other is a descriptive and 
operating manual which describes the system in some 
detail and includes operating instructions, together with 
notes upon care and maintenance and the pumping plant. 


Om_y WATER SEPARATORS.—We have received from 
White’s Marine Engineering Company, Ltd., Hebburn- 
on-Tyne, a brochure containing details of the ‘‘ White ” 
automatic and manually operated oily water separators 
made by the company. It is claimed that the oil content 
of the discharged water is 1-7 parts of oil per million 
of water, and the brochure, besides giving a sectional 
drawing of the separator, includes a table in which the 
dimensions and working weight of the separators are 
listed for rated capacities ranging from 5 to 100 tons 
per hour. 


Ports EFrici—gNcy COMMITTEE.—The Ministry of 
Transport states that with the appointment of Lord 
Liewellin as Governor-General of Rhodesia and Nyasa- 
land, his place as chairman of the Ports Efficiency Com- 
mittee is being taken by Sir Ernest Murrant, chairman of 
Furness, Withy and Co., Ltd. The committee, of which 
Sir Ernest is already a member, was appointed in March, 
1952, by Lord Leathers, Secretary of State for the 
Co-ordination of Transport, Fuel and Power, with the 
object of securing improvements in the flow of cargoes 
through United Kingdom ports. 


Nava SuRvEYING SERvice.—Vice-Admiral A. Day, 
Hydrographer of the Navy, in his report on the work of 
H.M. Naval Surveying Service and of the Hydrographic 
Department for 1952, states that eight ships were 
employed, of which four operated in home waters and 
four worked abroad. The work in home waters included 
surveys of the Minch, Thames Estuary, Firth of Forth, 
Norfolk and Devon coasts, the West Coast of Scotland, 
and the submarine exercise areas of Northern Ireland. 
Surveys were carried out in the Persian Gulf, in the 
Grand Harbour at Malta, Gibraltar Harbour, and at 
other points in the Mediterranean, while the work also 
included surveys in the area of North Borneo, the East 
Coast of Malaya, and in Japanese waters. 


Miscellanea 


RaPipD CONTROL TESTS FOR BITUMINOUS PAVING 
Mrixtures.—We have received a copy of a report with 
the above title from Iowa Engineering Experiment 
Station, Iowa State College, Arnes, Iowa, U.S.A. 
method for testing asphaltic mixtures at a central mixing 
plant is described in this report. 


TELEVISION STATION IN DARTMOOR NATIONAL PARK.— 
Mr. Harold Macmillan, Minister of Housing and Local 
Government, has appointed Mr. H. . Warren, 
A.R.1L.B.A., M.T.P.L., to hold an inquiry into the B.B.C.’s 
proposal to erect a television station on North Hessary 
Tor in the Dartmoor National Park. The inquiry will 
begin on Tuesday, September 29th, at the Castle, Exeter. 


SouTH Denes Power STATION.—The British Electricity 
Authority has received the consent of the Minister of 
Fuel and Power to the establishment of a new power 
station at South Denes, Great Yarmouth, to be known 
as South Denes power station. It will have an installed 
capacity of 240MW, made up of four 
turbo-generators, each served by a boiler unit having an 
evaporative capacity of 550,000 Ib of steam an hour. 


Gas TursineE Lectures.—Mr. Roy C. Orford, M.Sc.° 
A.M.LE.E., Patents Manager of Power Jets (Research 
and Development), Ltd., is to give a course of 
evening lectures on gas turbine technology at the 
South East London Technical College, Lewisham Way, 
S.E.4, starting on October 13, 1953. A brief synopsis 
of the course, which will consist of ten weekly lectures 
is as follows : historical development of gas turbines ; 
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Notes and Memoranda 


classic proposals; pre-war work in Switzerland, Hun, 
and Great Britain; application to aircraft propulsion; 
British and German development of er Jet engines ; 
cycles; open and closed cycles; effect of intercooling 
and reheat; compound cycles; applicability; design and 
construction of compressors and turbines; combustion 
systems; heat exchangers; fuel problems; and manu- 
facturing processes. 


TECHNICAL SURVEY OF COPPER DEVELOPMENT.—The 
second issue of Technical Survey, a six-monthly review 
published by the Copper Development Association, 
is now available from the Association at Kendells 
Hall, Radlett, Herts. It contains sections on the 
production of copper, foundry practice, fabrication, 
finishing and plating, corrosion and protection, powder 
metallurgy, and safe stresses in copper. A list of British 
Standards Institution publications is given. 


RETIREMENT OF Mr. GRAHAM CLARK.—The secretary 
of the Institution of Civil Engineers, Mr. E. Graham 
Clark, is to retire in the spring of next year. Mr. Graham 
Clark has been secretary of the Institution since 1937, and 
for a number of years before that time he was the Institu- 
tion’s chief technical assistant. He was educated at 
Felsted School and Durham University, and served a 
civil engineering pupilage with J. Mitchell Moncrieff, 
consulting engineer. The Council of the Institution has 
recently invited applications for the post of secretary. 


BUILDING PLANT EXHIBITION AT NOTTINGHAM.— 
Some fifty manufacturers of building plant, equipment 
and tools, plant hire firms and stockists of powered tools 
will be exhibiting at the Building Plant Exhibition 
organised by the Ministry of Works, which is to be held 
on the Goose Fair site, Nottingham, from September 3rd to 
9th inclusive. The exhibition will be opened at 2.30 p.m. 
on Thursday, September 3rd, by Mr. Hugh Molson, 
M.P., Parliamentary Secretary to the Ministry of Works. 
ine exhibition will be open daily from 10.30 a.m. to 

p.m. 


REFINERY ExPANSION.—We are informed by the 
Anglo-Iranian Oil Company, Ltd., that its French 
associate, the Société Générale des Huiles de. Petrole 
B.P., intends to build a platformer, having a capacity of 
250,000 tons per annum, at its Lavera refinery. A similar 
unit is under construction at the B.P. —— refinery, 
where a new distillation unit is being installed to raise 
the refinery capacity to 1,250,000 tons a year. At the 
Antwerp refinery, jointly owned by the Anglo-Iranian 
Oil Company, Ltd., and Petrofina, a catalytic cracking 
plant and a catalytic polymerisation unit are being built, 
while at the Schindler refinery a new furfural treating 
plant will increase the output of lubricating oils. 


CENSUS OF PRODUCTION, 1950.—Volume 3 of the 
report on the Census of Production for 1950 has now 
been published by H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. It is entitled Metal Manu- 
facture and Vehicles, and covers the following trades :— 
Blast-furnaces ; iron and steel (melting and rolling) ; 
ironfoundries ; steel sheets ; tinplate ; wrought iron 
and steel tubes ; non-ferrous metals (smelting, rolling, 
&c.) ; scrap metal ; motor vehicles and cycles (manu- 
facturing and repairing); aircraft manufacture and 
repair; railway locomotive shops and locomotive 
manufacturing ; railway carriages and wagons and 
trams ; carts, perambulators, &c. The price of the 
report is 2s. 


THE CANADIAN MARCONI COMPANY AND THE ENGLISH 
Ex.ectric Company, Ltd.—The English Electric Com- 
any, Ltd., is to buy from Cable and Wireless, Ltd., the 
atter’s interest, amounting to 50-6 per cent of the share 
capital, in the Canadian Marconi Company. Thus 
Marconi’s Wireless Telegraph Company, Ltd., which is 
a wholly owned subsidiary of the English Electric Com- 
pany, Ltd., will be reunited through the parent company 
with the Canadian Marconi Company, which Marconi’s 
founded just over fifty years ago as one of its overseas 
subsidiary companies. The Canadian Marconi Com- 
pany will continue to be run by Canadians as a Canadian 
enterprise for the joint benefit of the two Marconi 
organisations, and the development of the electronic 
industry in Canada. 


House CoaL Mixtures.—Last winter the National 
Coal Board marketed nutty slack as a temporary 
expedient. Since then the Board has been experimenting 
with the production of special mixtures designed to give 
satisfaction not only with the modern controlled-draught 
domestic grates, but also when used on the average open 
fires. The Board’s divisions have been sending samples 
of these mixtures—which are made from washed fuels 
screened through a top size of 4in and excluding fines— 
to merchants in various parts of the country. The Board 
now says it is confident that these mixtures can be used 
successfully and hopes that information from the 
merchants will quickly confirm this, so that experiments 
can be continued and perfected, enabling additional coal 
to be found for domestic use. 


ALUMINIUM PANORAMA.—To mark the twenty-fifth 
anniversary of the formation of Aluminium, Ltd., the 
company has published an illustrated booklet entitled 
Aluminium Panorama, which reviews the developments 
in the production of aluminium and reflects the common 
interests and achievements of people in the twenty 
countries associated with Aluminium, Ltd. The evolu- 
tion of aluminium from a curiosity to a commercial 
metal is reviewed and also the characteristics of the 
metal, while the formation and the development of the 
company are outlined. Following a description of the pro 
cessing of raw materials to produce aluminium there are 
notes upon the rail, port and shipping facilities owned by 
the company, and remarks upon the economic significance 
of power in primary aluminium production. A brief 
explanation is given of the basic fabricating processes 





in a number of countries and there is an outline of 
facilities for research followed by comments y 

markets and marketing. A list of the principal sub. 
sidiaries of the company is given and the booklet con- 
cludes with a statistical summary covering the last 
twenty-five years. 


N.C.B. CENTRAL ENGINEERING ESTABLISH MENT,—Ip 
its last annual report the National Coal Board stated 
that it had decided to set up a Central Engineering 
Establishment. This will have two main functions— 
the development of new machinery and equipment, ang 
the testing of mame | ropes, new materials, and so on 
It is now announced that so far as development is cop. 
cerned, the establishment is intended primarily to ag 
as a link between the Board’s research organisation and 
the manufacture of mining machinery and equipment 
It will thus supplement the development work, which is 
and always has been, a function of those manufacturers 
who serve the coal industry. The testing work will be 
concerned both with special tests of machinevy, ropes 
and so on, and also with the development of improved 
methods for the routine testing of equipment and 
materials used in mining. A site in Derbyshire is being 
considered. 


Fitms For INDustRY.—British Optical and Precision 
Engineers, Ltd., Mortimer House, Mortimer Street, 
London, W.1, has prepared a series of eight booklets in 
which documentary films available for industrial use are 
listed, together with the bodies from whom they may be 
obtained. It is pointed out by British Optical and 
Precision Engineers, Ltd., that, in its opinion, it has been 
apparent for some time that industry in general is scarcely 
aware of the wealth of documentary films in this country, 
which it considers could prove of value in industrial 
education and sales training. The subjects listed in the 
eight booklets are classified as follows :—‘* The Story 
and Background of Britain and her Industries”; 
** Manufacturing : Goods and Services” ; “ Transport 
and Communications *’ ; “* Engineering and Industry ” ; 
* Building and Allied Trades’’; “* Chemistry”; 
* Business Practice and Factory Organisation,” and 
** Athletics and Sport.”” There is one booklet corre- 
sponding to each of these titles. 


Personal and Business 


Mr. L. Howmes has been specietet manager of the 
Welkom branch of Matthew Hall (Pty.), Ltd. 


THe ENGLISH Evectric Company, Ltd., announces 
the appointment of Mr. J. C. K. Shipp, A.F.R.Ace.S., as 
jts aviation representative in the U.S.A. 


THe BrusH ELECTRICAL ENGINEERING COMPANY, Ltd., 
states that Mr. G. C. R. Eley has been appointed a 
director and deputy chairman. Major Noel E. Webster 
has joined the board of the company. 


NORTHERN ALUMINIUM COMPANY, Ltd., states that 
its Newcastle area sales office is now at Groat House, 
Collingwood Street, Newcastle upon Tyne, 1 (telephone, 
Newcastle 20878 ; telegrams, ‘* Noraluco, Newcastle 
upon Tyne ”’). 

WALKER Bros. (WIGAN), Ltd., announces the retire- 
ment from the board of Mr. E. B. Walker, M.I.Mech.E., 
technical director. Mr. Walker, who joined the firm as 
an apprentice in 1903, was appointed a director in 1920 
and technical director in 1943. 


CuLoripe Batteries, Ltd., announces the retirement 
of Mr. E. C. McKinnon, M.I.E.E., who has been, for 
many years, chief engineer of the Chloride Electrical 
Storage Company, Ltd. Mr. McKinnon has served the 
company continuously for over sixty years. 

Str Ernest Murrant, K.C.M.G., chairman of 
Furness Withy, Ltd., has been appointed chairman of the 
Ports’ Efficiency Committee in succession to Lord 
Llewellin, who has been appointed Governor General of 
Rhodesia and Nyasaland. 


BritTIsH TYRE AND RUBBER COMPANY, Ltd., announces 
the following appointments :—Mr. W. Bowden, group 
chemist ; Mr. W. Glover, works chemist at the Leyland 
factory ; Mr. C. H. Holyoak, group works accountant ; 
Mr. H. Ackers, deputy works superintendent at the 
Leyland factory. 


THe MIDLAND Motor Cy.inper Company, Ltd., 
announces the appointment to its board of Mr. Edward 
Player, managing director of Birmid Industries, Ltd., the 
one company. Mr. H. H. Hopkins and Mr. R. S. 

aterhouse have also been appointed directors of the 
Midland Motor Cylinder Company, Ltd. 


SUBMARINE Cas_es, Ltd., which is owned jointly 4 
Siemens Brothers and Co., Ltd., and the Telegrap 
Construction and Maintenance Company, Ltd., states 
that Mr. W. G. Patterson has been appointed to the 
board in place of Mr. S. W. Lumb. r. Patterson is 
the oS" managing director of Siemens Brothers and 
Co., Ltd. 


F. J. Epwarps, Ltd., of London, has formed a new 
company, F. J. Edwards (Canada), Ltd., with offices 
and showrooms at 16, Watsons Drive, Etobicoke, 
Toronto 18, Ontario. The president of the new company is 
Mr. H. A. Johnson, managing director of the British 
company ; the vice-president is Mr. G. M. Hayward, 
and the resident managing director in charge is Mr. John 
L. Hall. The following main distributors for the firm’s 

lant in Canada have been appointed :—Simpson 

achinery Company, Ltd., 2180, Wilson Avenue, 
Montreal, 28 ; T. S. Taylor Machinery Company, Ltd., 
187, Bannatyne Avenue E., Winnipeg ; Wilkinson and 
McClean, Ltd., 10235, 103rd Street, Edmonton ; and 
1215, Ninth Avenue West, Calgary ; and B.C. Equip- 
ment Company, Ltd., 551, Howe Street, Vancouver. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicator are printed in italics. When an 
abridgment is not illustrated the ep i pon is without drawings. 
The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of publication of the 


complete specification. ' 
Copies of specifications may be obtained at the Patent Office 
sales Branch, 15, Southampton Buildings, Chancery Lane, W.C.2, 


4s, 8d. each. 


INTERNAL COMBUSTION ENGINES 


94,066. Aprit 4, 1951.—Two-SrrokE ENGINES 
witH ENERGY -CELL AND  RETURN-FLOW 
SCAVENGING, Lanova Aktiengesellschaft, 16, 
Bahnhofstrasse, Zurich, Switzerland. 

The invention relates to two-stroke fuel injection 
internal combustion engines with return-flow 
scavenging and energy cell turbulence, and is particu- 
larly concerned with a disposition of the energy cell 
with respect to the scavenging and exhaust ports. 
As shown in the upper view, the cylinder A of a two- 
stroke internal combustion engine is provided with 
exhaust ports B and scavenge ports C. The cylinder 
head D combustion chamber E has a smaller cross- 
sectional area than the cylinder in any plane per- 
pendicular to the centre line. An essentially cylin- 
drically shaped energy cell F is arranged in the 
cylinder head at the same side as the exhaust ports. 
The longitudinal axis G of the energy cell has such 
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an inclination that the jet of combustion gases from 
the cell impinges upon the top of the piston at that 
side where the scavenge ports C are located. Also a 
fuel injection nozzle H is arranged in the cylinder 
head at the side where the scavenge ports are set. 
The injection nozzle is so disposed that the fuel jet 
lies substantially in a plane perpendicular to the 
centre line of the cylinder and is directed towards 
the funnel-like widening orifice of the energy cell and 
produces therein at a high-pressure combustion gases 
which, when discharged into the combustion chamber, 
give the desired turbulence. In a modified arrange- 
ment shown in the lower view, the fuel injection 
nozzle is arranged in the cylinder head with its longi- 
tudinal axis parallel to the centre line of the cylinder. 
The bore within the cylinder head accommodates 
the fuel injection nozzle, which communicates with 
the combustion chamber E by means of a horizontal 
port. The injection nozzle H has a laterally disposed 
orifice directing the fuel jet through the port K into 
the combustion chamber E£, so that it enters into the 
combustion chamber substantially in a plane per- 
pendicular to the centre line of the cylinder. This 
arrangement has the additional advantage that the 
rather delicate injection nozzle is not directly exposed 
to the hot gases within the combustion chamber.— 
July 15, 1953. 


694,370. August 28, 1950.—SILENCING SOUND IN A 
Gaseous Mepium, Aktiebolaget Ljungstréms 
Angturbin, Nacka, Sweden. 

Referring to the drawing, the silencer consists of a 
circular plate A, to one side of which is fixed a 
number of concentrically arranged cylindrical walls 
B of varying length, the walls forming pipes closed at 
one end by the plate, the innermost pipe being the 
longest and the outermost pipe being the shortest, 
the pipes having natural frequencies varying with the 
length. The pipes are so dimensioned that. the 
effective cross sections of the different channels 
formed by the pipes are substantially of equal size 
for all pipes and preferably about half the size of 
the section of the flow conduit for the oscillating 
medium, which should be substantially equal in 
each section of the silencer. The circular plate A 
carrying the pipes has at its circumference a flange C 
projecting inwardly to form a support for the plate 
in a surrounding housing D by means of a number 
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of radially arranged bolts E. The housing is provided 
with a flange F and at its opposite end is a conically 
shaped casing G provided with an opening H. When 
a silencer thus formed is used as an inlet silencer 
its opens H is connected to the inlet conduit of the 
mac! whose intake air and gas is to be silenced, 
the air flowing through the silencer thus entering the 
annular-shaped opening J between the flange C 
and the housing D. The sound waves emanating 
from the gaseous medium entering the machine are 
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then damped by the pipes, the channels between 
which are filled with stationary air or the medium. 
This type of silencer may also advantageously be 
connected to the outlet conduit of the machine by 
connecting the conduit to the opening H of the 
conical casing G. The sound waves from the gaseous 
medium during the flow of the gas or the air through 
the silencer will, as in the previous case, be damped 
by means of the pipes opening towards the outlet 
of ‘the machine. Modification with the outer casing 
lined with porous sound-absorbing material and 
double-coned silencers are also described in the 
specification.—July 22, 1953. 


694,376. November 10, 1950.—Exnaust SILENCERS, 
The Birmingham Small Arms Company, Ltd., 
Armoury Road, Small Heath, Birmingham. 
(Inventors : David John Davies and Ruth Barbara 
Parkin.) 

As shown in the upper drawing, a metal strip A 
having parallel sides, from which a baffle is to be 
made, has crimps B across its width at right angles 
or approximately at right angles to the sides. Pre- 
ferably the strip is seam welded at C along its central 
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longitudinal axis by welding machines employing 
rotating electrodes, or the crimps may be compressed 
by pressure rolls, along the longitudinal axis. In 
the lower view the twisted strip A is shown housed 
within a perforated tube D to provide a helical or 
helicoidal path for exhaust gases, and the tube is 
secured within a casing E. Extending co-axially 
into the tubes and secured to the tube E is one end 
of an inlet tube F which is perforated and has fixed 
at its end a closure plate G serving as an abutment 
for one end of the twisted strip A. Extending into 
the other end of the tube is an outlet tube H. Whilst 
the degree of twist along the length of the strip is 
shown to be constant it may vary to provide a 
ag or helicoidal path of varying pitch.—July 22, 
1953. 


PUMPS 


694,122. September 28, 1950.—VARIABLE OUTPUT 
Pumps, The Candy Filter Company, Ltd., 
Church Road, Hanwell, London, W.7; and 
William Dixon Jenkyn-Thomas, of the company’s 
address. 

Referring to the drawing, the invention relates to a 
pump having a reciprocating plunger, the stroke of 
which is variable. The pump is intended to deliver a 
secondary liquid at a rate depending upon the flow 
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of liquid in a main or conduit. The pump plunger is 
rovided with an axially extending rod A having a 
d B, which is arranged to bear against a fixed stop 

C for the purpose of limiting the plunger stroke in one 
direction. The head of the rod is opposite an 
elongated body member D having cam surfaces E and 
F of varying inclinatton. The body member D is 
mounted on a spindle G arranged for rotation and 
linear or axial displacement in bearings H which are 
fixed in relation to the pump casing. The bearings 
are positioned so that the axis of the spindle G is at 
right angles with the axis of the rod A. One end of 
the spindle G is provided with a hand wheel J, whereby 
the spindle can be rotated in its bearings, and the hub 
of this hand wheel is in the form of a box which 
engages over a boss provided on one end of coupling 
rod. The coupling is such that the spindle G and 
coupling rod K are held firmly in axial alignment 
whilst the spindle is free to be rotated about its longi- 
tudinal axis independently of the coupling rod. The 
end of the rod J enters the housing L of a fluid 
pressure responsive device where it may be coupled, 
to a diaphragm, not shown, which is subjected to the 
fluid pressure dependent on the flow in the main 
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liquid supply conduit and is arranged axially to dis- 
place the coupling rod K, and thus also the spindle G, 
in response to this pressure. With the arrangement 
shown a complete change in the mains flow from a 
minimum to a maximum will cause the permitted 
range of travel of the rod A to vary between zero and 
distance M, the length of travel being N when the 
mains flow has located the cam body D in the position 
illustrated. In this example the operative cam surface 
E has the maximum inclination and therefore affords 
the rod A the greatest permitted range of travel. A 
modified arrangement is also shown with the cam 
body D positioned with a cam surface F behind the 
head B, this surface F having the minimum inclina- 
tion and therefore affording the minimum permitted 
range of travel of the rod.—July 15, 1953. 


694,442. July 24, 1950.—REcIPROCATING Pumps, 
Frederick George Goodenough and William 
Arthur Horner, both formerly of 51, Kneller 
Road, and now of 70/72, London Road, Twicken- 
ham, Middlesex. 

This invention relates to improvements in high- 
pressure reciprocating pumps. As shown in the 
drawing, a plunger A is arranged to slide in a cylinder 
B, the ends of which open into two pumping chambers 
Cand D, into and from which the liquid being pumped 
is alternately drawn and forced through valves. 
The plunger is mounted on the end of a rod E which 
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extends through suitable pressure-tight packings and 
bushes F into a further chamber in which the coup- 
ling mechanism is housed. Connected to the rod E 
adjacent the chamber C is a cylindrical nut G. By 
means of this nut and an enlarged portion H of the 
rod itself on the end remote from the liquid chambers, 
the rod is supported in a pair of bushes J and K 
inside an outer hollow sleeve L surrounding the rod. 
In the annular space between the rod E and the 
sleeve between the two end bushes there is arranged a 
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helical compression spring O, each end of which 
bears against a flange portion of a thimble. The 
sleeve L may be reciprocated in any known manner. 
In the drawing this is accomplished by a pin mounted 
eccentrically on a wheel driven from the shaft N, 
the pin co-acting with a bracket secured to the sleeve 
to form a Scotch yoke form of crank mechanism. 
On the outward stroke, to the right of the drawing, 
the motion of the sleeve is transmitted to the piston 
rod through the bush, spring, washer and cylindrical 
nut G, so that the plunger executes its normal full 
stroke unless the head against which it is working 
requires more force to be transmitted along the rod 
than that of which the spring is capable in its initial 
state of -compression. If this condition occurs, 
the spring will be further compressed to an extent 
necessary to enable it to transmit the increased force, 
and the rod E will slide to the left relatively to its 
outer sleeve L in the bushes, the stroke of the plunger 
thus being correspondingly reduced in length. On 
the return stroke the initial movement of the sleeve 
will be relative to the rod until the spring has again 
expanded to its original position and thus the return 
stroke will be similarly shortened. In this way a 
small pump, as well as being applicable to its normal 
duties of pumping large volumes of liquid against a 
low head, can be employed without any adaptation 
to pump a smaller volume against a much greater 
head than a pump of its size would normally be 
able to do. At the same time, no additional power 
need be supplied by the prime mover driving the 
pump, although the latter will still be able to operate 
at its optimum speed, since increases in the head are 
not compensated for by reduction in the number of 
strokes per minute but by reduction in the length 
of each stroke, the energy expended by the prime 
mover in compressing the spring being fed back on 
the return stroke.—July 22, 1953. 


STEAM GENERATORS 


694,645. June 21, 1950.—WaTER-TUBE- BOILERS, 
Yorath-Lewis Boilers, Ltd., 17, Woronzow 
Road, St. John’s Wood, London, N.W.8. 
(inventor : William Yorath Lewis.) 

The object of the invention is to provide improved 
forms of boilers used with oil firing. The drawing 
shows a land type oil-fired boiler with a single 
horizontal drum A with vertically depending rows of 
radiant and convection heated steam-raising tubes B. 
These tubes are single-leg tubes and embody inner 
feeding tubes C communicating with an inner con- 
tainer D within the drum. This container is arranged 
within a further container E and a shallow trough F. 
Rows of sensible heating tubes G come down from 
the drum at the side of the tubes B remote from the 
combustion chamber H. The combustion chamber 
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lies wholly on one side of the steam-raising tubes B. 
The combustion chamber is substantially rectangular 
in vertical and horizontal sections and the top, 
bottom and one of the side walls are shielded by a 
series of continuous water tubes J, each tube being 
formed of a large rectangular loop, the ends of which 
are connected to opposite sides of the drum so that 
water passes downwards through the least heated 
portions of the tubes which are located beyond the 
main bank of evaporating tubes B and beyond a 
superheater K if provided. The water then passes 
through the upward sloping portions of the tubes 
at the base of the combustion chamber, afterwards 
rising through the tube portions shielding the side 
of the combustion chamber opposite the tubes B, 
and finally returning to the drum by way of the 
sloping tube portions shielding the top of the com- 
bustion chamber. Refractory material to protect 
the tubes can be provided. A depending wall L 
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serves to prevent uprising steam-water mixture from 
the tubes B from interfering with the downcoming 
feed to the tubes J. If desired Field type water tubes 
M may be provided radiating from the drum to act 
as water walls for each end of the combustion cham- 
ber as shown. If desired, means may also be provided 
to enable the tube portions to be cleared of sludge 
and internally cleaned.—July 22, 1953. 





British Standards Institution 


All British Standard Specifications cun be obtained from the 
Sales Department of the Institution at 2, Park Street, London,W.1. 


OIL SUCTION AND DISCHARGE HOSE WITH 
BUILT-IN NIPPLES FOR 100 LB, 150 LB 
AND 200 LB PER SQUARE INCH PRESSURES 


No. 1435: 1953. Price 2s. 6d. The 1948 
edition of this British Standard has been revised to 
meet the changing requirements of the petroleum 
industry. It is intended primarily to cover heavy 
duty requirements, e.g., tanker loading and dis- 
charge, bunkering, &c. Further standards will be 
issued at a later date covering hoses for higher 
pressures and for lighter duties. 

The revised standard covers rough and smooth 
bore hose with smooth external finish, with a range 
of inside diameters from 2in to 12in and a range of 
standard lengths from 10ft to 30ft (except for 12in 
hose, where the maximum is 25ft) of five types, includ- 
ing ordinary and submarine uses. It specifies con- 
struction and materials other than rubber and pro- 
vides for performance and sample destruction tests 
and marking. 


DIMENSIONS OF COLLAPSIBLE TUBES WITH 


SHORT SCREWED NOZZLES 


No. 2006: 1953. Price 2s. 6d. Collapsible 
tube manufacturers have been working for some 
years towards the specification of accurate dimensions 
for tubes and this standard is for the dimensions of 
collapsible tubes with short screwed nozzles. It 
relates to tubes for many pastes and _ semi- 
liquid materials such as medical and toilet prepara- 
tions, concentrated foodstuffs, rubber solutions and 
shoe creams. For certain commodities it is neces- 
sary for technical reasons to alter lengths,’ wall 
thicknesses and weights. This is also necessary for 
products for which winding keys are used. The 
standard is not intended to cover such special require- 
ments but it is hoped that users of collapsible tubes 
will endeavour, as far as possible, to restrict their 
requirements to the range of sizes laid down in the 
standard. 


DIMENSIONAL FEATURES OF INSTRUMENTS 
AND PANELS FOR INDUSTRIAL PRO- 
CESSES 


No. 1986 : 1953. Price 3s. This British Standard 
is entitled “* Recommendations for the Dimensional 
Features of Measuring and Control Instruments and 
Panels for Industrial Processes.”” The recommenda- 
tions apply to certain of the dimensional features of 
such industrial measuring and control instruments 
and of the panels in which they are mounted. These 
recommendations are intended to encourage the 
adoption of this principle of interchangeability and 
to ensure satisfactory operation in cases where items 
of equipment complying with the recommendations 
are connected together, even when they have been 
made by different manufacturers. Although it is 
appreciated that it will take time for standard dimen- 
sions to be widely adopted, it is hoped that the 
publication of the recommendations will hasten the 
achievement of interchangeability, and that agree- 
ment to standardise the dimensions and other details 
of automatic control and measuring instruments will 
be the eventual outcome. 

The recommendations specify the dimensions 
of circular and strip charts for recorders, and give 
the overall dimensions and mounting dimensions 
for clocks for circular chart and drum recorders, 
together with the appropriate drum sizes for 
the latter; they indicate the appropriate sizes 
of screw threads for the measurement connections 
and pneumatic connections to instruments and give 
guidance on the air pressure range for automatic 


control and remote indication or recording instru- 


ments. Recommendations are given regarding the 
sizes and constructional features of panels and sub- 
panels and for the aperture sizes for instruments with 
circular and rectangular cases, and guidance is given 
as to the manner of fixing instruments to panels. 


CARTRIDGE FUSE-LINKS FOR USE IN 
PLUGS 


No. 1362 : 1953. Price 2s. 6d. An important aspect 
of this recently revised'‘Standard is the increase of the 
breaking capacity rating from 1000A to 6000A. Ih 
British Standards for fuses of large breaking capacities 
current ratings and the like are assigned only to the 
complete fuses, and not to cartridge fuse-links alone, 





Aug. 21, 1953 


because cartridge fuse-links are not neceggazij 
interchangeable in fuses of different kinds without 
alteration of the characteristics of the fuses. In fuses 
of the comparatively small current ratings dcalt with 
in B.S. 1362, however, the influence of the surround. 
ings of the cartridge fuse-links is small, and it has 
therefore been deemed appropriate to make the 
standard apply to cartridge fuse-links only, and giving 
them current ratings. The standard at presen 
applies to fuses for a.c. circuits only, but will be 
extended in due course to cover the use of these 
cartridge fuse-links in d.c. circuits. Discrimination 
between fuse-links of different current ratings has 
not been dealt with in this a because the 
problem has not yet been fully solved ; but it con. 
tinues to be investigated, and an addition to the 
standard will be made in respect of it as soon as 
possible. It includes sections on definitions, voltage 
rating, current ratings and dimensions of fuse-links 
breaking capacity rating, fusing factor and marking. 
and a section on tests, together with diagrams of the 
testing enclosure and connections for tests. 





Technical Reports 


Memorandum on Principles of Design for Small 
Domestic Sewage Treatment Works. London : H.M, 
Stationery Office. Price 9d.—This report has been 
prepared by the Ministry of Housing and Local 
Government in the hope that it will be of help to 
housing and sanitary authorities which are faced with 
the necessity for providing, at reasonable expense, 
adequate sewerage for small villages or small new 
housing estates, with populations of up to about 300 
persons, in places where it would be too costly, or 
otherwise impracticable, to drain the houses con- 
cerned by means of comprehensive sewerage schemes 
serving wider areas. It deals with the methods used 
and the plant required for such sewage systems. 
Special attention is drawn to the need for good main- 
tenance, if works carried out on the lines recom- 
mended are to last long and work well. It is thought 
that the principles laid down will also be of use in 
improving existing sewage arrangements, where they 
are of a similar nature. 


Report on Experimental Investigations into the 
Behaviour of Angle Purlins, Ties and Struts. London : 
British Constructional Steelwork Association, Artil- 
lery House, Westminster, $.W.1.—It is. pointed out 
in this report that the members of the drafting panel 
of the B.S.I. committee considering the 1948 revision 
of B.S.S. 449 were of the opinion that additional 
research work was necessary before they could fully 
endorse the use of certain formule and stress values 
which had come into being in order to effect 
economy in the use of steel. As a result the British 
Constructional Steelwork Association subsequently 
undertook tests on the subjects considered most 
urgently in need of attention, namely : angle purlins, 
having regard to the stiffness of the roof covering ; 
angle ties, with regard to connection by one leg only ; 
and angle struts and their behaviour in lattice girders. 
Condensed versions of the complete test reports on 
these three subjects are given in this report. In the 
last case, tests were carried out on two full-scale 
lattice girders, one of 10ft and one of 33ft span. 
The report is available free of charge from the 
Association at the above address. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of their insertion, the necessary informa- 
tion should reach this office on, or before, the morning of the Monday 
of the week preceding the meetings. In all cases the Time and 
PLACE at which the meeting is to be held should be clearly stated. 


ASLIB 


Fri. to Mon., Sept. 11th to 14th.—The University Nottingham, 
28th Annual Conference. 


BRITISH INSTITUTION OF RADIO ENGINEERS 


Wed., Sept. Wth—LoNnvpon SECTION: London School of 
wen and Tropical Medicine, Keppel Street (Gower Street), 
W.C.1, “ The Impact of Communication Theory on Television, 
D. A. Bell, 6.30 p.m. 


ENGINEERS’ GUILD 


Thurs., Sept. 24th.—METROPOLITAN BRANCH: Caxton Hall, 
Caxton Street, Westminster, S.W.1, Annual General Meeting, 
6 p.m. 


INSTITUTION OF CIVIL ENGINEERS 
Wed., Aug. 26th.—MIDLANDS ASSOCIATION : Joint Visit with the 
East Midland District of the Institution of Municipal Engineers 
to Gunthorpe Pipe Bridge, Nottingham, 2.45 p.m. 
ROYAL AERONAUTICAL SOCIETY 


Tues. to Fri., Sept. 8th to 18th—Lonpon : Anglo-American 
Conference. 


SOCIETY FOR WATER TREATMENT AND EXAMINATION 
_—_. to Sat,, Sept. 17th to 19th.—Autumn Meeting in Man- 
chester. 





